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1 kaj i j-^. , Ij ^tl ^ iji ^« ,l",<tl ppjjioJI tdOSSLO 

Cali '.CjLk-lL J-JJ? ujLjSLII j gla I . . 4-jLc jJIj 
Sjijj-a 3_uliJI sQjLiL '"'j gla (OJ i 1969 j»Lc (^J^/l 
d * Ja ^3 CjJ_i£.? jcj i 1975 ^L-^ jj ' ga II <LscJLLq 

ljut ^ySj . 1979 ^Lc jJ! ojISj J976 ^Lc 

john en V*n ujj "^1 t-ibSLII i_i!Jjij 

SjlaL>- jJ^^u^SLjJiil 1^1" < ..I i Postgate 

\j La ui (j^jl JlSj . SjLxjA! 4SLUJ.L] Sussex ^ .i'C 1 11 1 „ 
fiLt-^sLitjj i fiLuiLtJI CjL^t_)VL) V*< ui ] 43l_o* ^j-a Ijj 

L^_La ^J" 1- "' C?"^ LjIuj i Ljj-uSLJ! Cj Cuj 4SJ I 

i_j!j>U ml i>jl^. (jL^ J-S.A '. b\~ ml (j^o ji£? 

0 JL>- (jL^ L<t£ '(Jj-J J * J 1 «UlaL>- ( _ ;r 3 d i ii^iSJI 

1 .i^Uj .^L^jtlajj SjlaLj. ^ ■ _ilall .1? (-;r l^.^l 
^_A-^_<3_LjlJ 1 ^ Lt a_( J a-3e-j t ljL>. ^^-ll-d J -r" i n^J 

2 'J , d A j A -.tl "J '. ' L- aIlX J ' "J ^ 

t^jl 1 11 1^1 3l_o* jn4i c_t_uJ! CjLc^-Ud^X! j taa- * jj^ 3 
jjLjJLj Lo Jj?J .^o_lj!j^>JI j? CjLjjj^LlU jJt 
(j^lj-a^l ^VI CjLjjj£LlU j^j J-t£. (>U(-al 1 .ill qLo, j? 
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(jLuiUlg Olj9j.V1.nll 



(j^>. (jJLij V (j^c_La . 3_Ll2j>J! jl>.I dil j <jSLlj . £L>.j^/!j ^jJijiII 

S N j j * II L$jj^-*-£3 pj^**' ' ""'^ '■^L^ La S^juLLLI I gj ijr ^ LuLo* ^jl (J^-Sj 

. . t_iLjSLII Jjj^i3 4-lLc jj jG La i_*J 1 ! Cjl_ijj£Liil lillj 
Cj Li j|j£LujiJL3 4jLojj ^Lo. J j j 1 n « I JjlII (Jx. Jtajjij (jLcaj^l jjL^ I jlj 

. ,.j I j . a » ij ..4jj^JI cLi^jjj cLj£.!jj_JI Jj ir-iL>J.I ^LljJ ( _ ;r 3 LtjjJ 

cjLijij^Lii! liJjLSijj .4_o!jJlI! 4jL>.L>. (jjs ^ i"m f-ij^j (j^-*-"- 1 ^' «L«jsI 

g-jl uall LjJLiiiij I ijlr Jj i", 1 ^'Jl CjLjijLa_iSLJ!j 4 iil"i-»J,l 4 n i ir-i 

4j_ajV! .'-^'a jj^s (j-alielll CjLlJ|j£LJk! (jjs (jLcaJ^! JLloj till j£j 

^L^j 41^3 (jjs ^L^_j ^ (jLeiVl ^1 (jLcujVI ^jJil L&VaJj ..*GLo- oLLajj 

tiiuLj_>J! jj-* 

(_p3lj_aVI i. 1 1 1 m~j p 1 11 ->JI (_L)I_2_U i_i_iL>JI f^jJs Cj\-ijj£uX\ (jSL! 

J^Ui J l"l I I JU.Q-3. (jjlLjJI ^Ijljl J-l^UO ( _ ;r U3LI.I O-lL^J . . SjujVlj 

^jl°> j_JaJlj j-pJI jjLajj (jl 4i!l 3 jlj! iZit Li jlsj . t-u^iejJIj 
cjLijij£Lii! jjj (S-Ltj c_ ije-tj jlsj ..JLtcj^/ ^Llij LujJ! 

J j j 1 11 (^,-33 ( jjjL_(J! » )jLst_ILi {j\ dJLZo^jj ..cQjJ_>J1 fiLcLu-aJI ' • • ^r- 

.AJJJI L^la j<i^jL>.Ls- 

^jjji^ L^j (J^-uljj ifiLulj^JI fiU_oJ_L^J1 (inn Lax, ^ooJ! (jaJJL^Iu » 1 aUllj 
' k5j njl^jjJIj CjLilI! joJLc 4j^jL>. CjI a 1 11 Cjli CjV^Ljj/ ^Lul (jix 
(j 1 a aj Ji^ jai«J! ( _ ;r 3 t_)Li 4jI ..(jLcujVI lLLI!j jj^-- i (jjJ p J a- J 1 to 

. ..! jjU"miU jJJ! (jji ^iiej V dili 1 jjiSU! juJ>J\ 

4_^3 j^JLjj J l2xuiXI CjLi^SLJi! (iuJL>JLi 4jLj^ i_iJ Jl! jaljcjj 
fiQlij LilJ JUj 4jVo^ La (jL-ujVI L^_La > a * ^jt J_»_uj_uj . sLojjJa CjU^ojj 

i_3aj-u CjL)J)j£LiX1 i>J_A (jt t_^J-J La^ . 4j1 4i_j_t-£5 L?e_a ga 5 III ^j^* 1 (j-X 

L^_J 1 jjuj JL^J . . 3l_j_>J! (J_jl_i>. (j-a JbjJL! ' d ■"■•^ ^£ lj^^ LaL^j_ol p J 1 
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.. jJtJ! 

-1 o i »! (j_o pjjjjl Jj olr t_)Lj^-« (Jjj La£>-i_jbSLtl Ijuk jjl 

L*_i_S Liij i"i a I Jus. I ^ I i j' 1 * I j~l se Lta i (j_a UJ 0 C ^£9 gl + tl i^jk ' 
( _ ;r Aj i4_Ujjj1JI 4jlLI! f_yi\ ijjjJUs. ( _ ;r 3 ju>.jj djuUll »l <i i iiVI (jja j-JJ^j . p j LiJ 
^j^j-uj! jj! I j . ..j. u ijjjjLJI Lgj I JaLsejj V ^jyJ-JI ^-^J-^ CjLiill r^$^1 

p ,.<_jL«_aL>JI 5Lt£Luj/>l£LII 3_uL^jyi djLuljjJI ^1 . ul? ^ 

I j 1 j a ( _ ;r 3 p-^-i-a uutjj V (_yi>. i«t_La Jj V j_ol al nUll J_t£. O LseHaj.aJl I 
^ ^LlJLi ^ I Vi i"i 1 1 Jua- j i nj . tj\l\ i ii U p $ '"j J3-°^ - la jjlsejJ^ i t. i ifrj-a 

j_aVI (jLa ijj-uLj p j j I <~ (j ,i j lj p-g£.U-ml J-^J-I' d sin iiVl 0J-& 

tjl s;lj-2-J! 3_aLc li'Cjj . JujjlII Jj! ^LkJLj (jj l+" miU jic (_yl>- liil Ji> 
jl 2Jj4ii »l n i ii^l i_dJj (j-a p j i -»" (j| (jjjj £jju>jJJ \a\jS\ Sj^LU I I jfijj_j 
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4_l>J1 CjLcjISUI p ' "I J i -* a 4_aJ£ (jic 4Jb_jls CjLai^ 
S_LjjJi,! j^lc. CjLcjKJI dJJj (j mji") 2 fljli iJI 

US 

^i^. 3l_j_>J1 JL>. Lo T ll ^ . JL>. Cjl_)J^£LtX1 (j] Jj^Jlj 

3_i£L«Ji.l SLljJI jjju>. cj Lj j^-SLJi.! I j I i 
<_2^L«J! (biosphere) ta us\ SLpJ! »l olr (Jltaj 
p U» % ^J^_r»o CjL_ljL£L1! I ^u_tj ^tllj c_^^£L11 
£-Uaj LiJ J 1^*-° JJJ^ I J uuJJ (_£ I <_S^LiJ I j 

I ot .^j-^J! i_s}L_«_J! (^-3 ^IjJaVl ,j_a ^ULo 

(^-3 CjIjjL g. i a i (j-g-tTLi^ nematodes 2 j jljla i uVl 
U^ji lil VI L*)jL*Ij Lo IjjLj L^JiSLIj SjpJI {J^V* 

CjjLjjJ l_o-ji (JL*-a li-lLo-mVI J UJ . (jLjuVI 



(jLuiUlg Olj9j.V1.nll 



(Jj-a ^-C- OH"^ 3^ 0 c i-djjj 3j-*IuLi_a j^t_JI ijr 5 ^Lll ^cJaxti 0->»J La (j-U 

CjLjjJaAll ^_uljj>. Lot . 4jj ' a rt (j^oS-J La LJLc. A . ^ . ^ CjLuL^ (j"'J»" '-^p* 
l_Aj)jJ_) jl i (J-J-a ' a ' ^ > J se * ^1 m £^La"jl ^Jl j uu u S3 Ljj-uSLoJIj 

LJLkJ! j->«-!I ' " ' I a ■ La o\l La" 1 (j-u JlSj ^ I a 1 nil ^ .Utl j-^a tiJLLfli sl^a^JI 
JU>.jj (jl Ljj_uSLJIj CjLjjJajiJI (jl 1936 j»Lc J-i-a JLiiaLill 4iaLu^aj 

2 j "j a II 3_L^j_i_a^l - I LaAll SjIjI li ui"£l VjS iSJljJlC JLusi ^Lajjl (jlr 
lJ £ (j^S • ^-i^ ' ^ (jr!! J ' aj £L"Hj' (jl<" 2 1 -»"*! ~ ^ j| J^.Li Jp-JJ L^j I LbjLs. 
(j-uiJl (^yi JLs-lj (jjl£ J^" 2 - 1 Jtcl *jjLi JL>- CjLjj" mil OJLfli JlLa 

^LflJjl (^JLl i_mSUI jajL^JI ^ (jjl£ 100 ^Jl 50 Jjl_S_a 3_mSUI ^Iji^Vl (jji 

jl^Jj .3_La^ 3JL>. ^ cuLoKJI jut (j! ^ dLi V 4ji UfT ^(SjLi-JI 5 y.lUH 
(_gjL^JI -^j-> -ilt (3-^-°-*^' jjjuW^I Sj^tjJI cjLijij^_Ji,l i_al uili^l <jSLal 
dUii .3_^L^ o^J ^LSLCII 

«Lul) jj*- ' ail i— si _y>-l (j-o 4jjijLlII ( _ ;r 3 4_o- CjLijj£Lla (Jj ' a >■ 1 1 (jSLal 

(jl <j-SL«j lillj (ji^-J .^JL3 1200 ^1 J 1^1" 3^-"^-' O-Iajii!! (jx. li^tjJI 

d *C a 1 „ jJLu i^g^pJI <_3}1JlJI (jl-dLUiill jljj 0I3I uu^l lJifliL>J Ijl-Jji 

4 1 j , 11 ^Laj ^ VI - La il S V 3_pJI oLlUjlII (j! j-ii. . >Lus 25 ^^tj w LaSVl 

n_gjjjl <_a^L«JI (jjs JAjj/^/I f.jj><l\ (j-sj jLa_JI (j^j sbjijLJI Ly>2j J'-i- 0 ' 

. 4jLa ^LjJ d S La ' q (jTn*" 4_j_>JI CjLljI£LII jo_Lajt_a (j^-J 

l^MJlJI jJJ .3JL23J-JI jojcjs- J-^JJ ' — i_^j£L!l I JJt (0J=^>- jJu-aj (jl (jSLal 
^^)3JI_SJjj-_lJI *j 9 (j_a (j^ill ^jp^l i,^l «a 1 11-gLcLmjl w < J_t£,-(^^_j_>JI 
1 f II* (Jlj-po l-i^5^ <j-° SJ-uxaJI "utLa-U I iJJt, . (^^jagjVI ^Litill »l 1 J 

j j "I jtSj .3Ll>JLi I 1 1 ■■ ' (_^"J1 3j_uSLII sUjj.^J^LiJIj 4jjLijSLII cjLlUjlII 

jL*Il£.lj 'Lp'JI CjUjI£L!I (Ji.ljG i_ijJLj/Li (jjJ-U ^tjjLlJI ? JU J_La (j^ SLaX I 
J * C «Lj p I i 11 11 (j-oj .jj>.VI I J Laji 1 L^x^aju (j-o^Luj ^* * ^ ' 1 

(j_o 4jl jl (jjl j" L^iSLaj =Ll>JI cjLoISLII (jl (jjj_uSLJI 

(jjljjJI I JLfli Jlj Lajj dJJ j .^e-tJI I JLfli j_lC (^,1^. jj-a^l (jj^J (jl (jSlx-l V 

jjUl _) j . sQ^jj (^1 Ij-LaJ »l »iUtl (_JjJ 4-«jI j d mi it j jJ-Lax MjjjJjJI 

(j"it ^ lLLI j ^-aj . £ Li^ (J^tli-I J-2j La JLt^. (jjSLj La j_U3jl 4jtjjiaJI ( _ ;r 3 (jjl jjJI 
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CiLigjS.i.n.llg ,jLuuUI 



r-j ' j j 1 a j £ ~ II S-sLcl If 2 .j ,Utl 3jjl2J c-iAtj 5JL>JI ajjt 
jjtj-ecology 3-5j-JI jj taj jlsj . J^to-Vt liilj J^" 1 Ojlp 
JjLlj (j_a 4_lSLo I jj La " I g " 5 J J J CjI_LjI£LI! (j-tj «Ls5^-«J! (_>"J"^ L? 1 -^' c>-I- , JI 
d A , ^ .-d j-.ll , -A 'A\K\\ a ^T"-'J ^ »jjt^tl 'a (jjlj~H 4 1 II Jj i al alll 
(jl j-pJ!j q\ i .iiVl JUjUju .^Lltl jjtit! fj\c J^Llill jLjIcVI (_ys ^jij^i-2-aLc 

4J^I cjLjIjjj^J! (jjjJLiJ ^j^til! 4]^ I cjLi! jjjJIj) * L3_JI J^- 1 (j-o cjLiII! (^i^. 

j_l»j (jijAJ (jl 1 uJ V mJ>>.VI ^y^a (<u (j-aj ii. 1 M i tt I 

SjJLtl ^Jt (j mi ilitLb dJUj ^i^j t(j n 0 i"itl « jjJa C"^" ^ LajjJLi Cj13Li_lI1 
■"'I j j I til (jjs dltj J£ .,_p=j^l ( _ ;r l£. SLpJI jlj o~ 1 n\ J -1 1 ai ^pJI 4jl3I jJI 
CjLljLSLII jj_a cGJLj cLojLLi UilLijt (j^J .(jjjjljJ.1 JLLa^lj (j^s- L^jjlj (_yltl 
i_3jjj/j . Cj Li jj£LlU (^yjt CilJj i*Ijjj/ JLs. (ji^. (jljJjJIj CjLiJJ! L^iig JlaIhj 

jjriU (j£L! i^Ll!! J 1 -« All J j , ^. A" II j^ja i~i_t cjI_cjI£LII ^jut JjLcjI 

u If i^j-ljJI (jljiil <_y3 4-udj (^jJI JJjJI La ^JLsl (j! L-i3 

ij^^jVl Cj1_ljLSL!I *I_2_i J^>-t (j-o <l J 1 riL<-u l-4-a el A , j'.l 1 hj&j (_p3j^/l 

j-j>j cH-" L r t ^l J-?*^l ' - 1 1 " o-'l ^- a - 5 ^ Jj Lak jjj-^' o' d-^ 3 t£Uij 
Laj^jlj (_yltl cjLoISLII lilt ( _ ;r A jjjl cjLjij£LiH .j_uG jJjI (_gj mm 1 1 (jjil>J! 

IjLa . Ij^>- ^sJjfcj ..i_JLaJaJlj 3j_uii»Jlj (_>i«JI I j * " i3jl£. -I 0 1 uLi (jL^uVI 
Cjl_jj_Ia_flJlj CjLj/jj_loJIj Lj_uSLJI L^jl Ltl^ 4_uaJL«JI L^jI a 1 »l 3^-^! ' ' " 

LajLuiIul J-a (j-c Sj^La j»j_3_i (jl ^aLltl (j^j . LjjJI i_JLaJaJlj Lp-^tl 

Li^l_>Jl (j-o ^j^lLo 4jLo J^t-i (jr^ 1 d 1 Lea^Jl jj- 0 ^Ij^ cJ^ L^J-^d 

o^'j (J-^^ -4-1 ' (jj-I! i— u> Ljj-uSLJI Lill (jLb 5_^jJl_a 

uLij-iJ g.L-L<a ^ 1 c ^ . ^ ***. ( ^ji ijJLu^j L_t£^£*_!l 1 j_a ^^^1^. cj Li^ j£Lj_^JJ 



IS 



(jluuUli) Olj9j.V1.nll 



^ j 2 j 2 — II ^L^j^/I (_gj.il <~i i u tj) I aj-Ja ui^ij J nnx Lta j^cjJIj j-JI 
jj^o tiili i_£jJo ^ t»JL».t Jj«Jj .pJUJI ^yfl oljl^-pJIj CjLjj^LJLI 4±&J 
j-)Ju2j (j_a I JUj^ * )1 1 ti3» ^yb d t-uilll j-iJUlj j-i_ujV1 

ciLiI 1 11 -»JI cjj^li I jLa ; Jimi Jj j 1 n (_yLc. (J^ 3 ^' o^*^ o' o'-^"- 1 -^ 

j-jLSLHj . («LaLc ^ a t a » sLa- jlx m 4^t_u_LJ1 j-jjju jl J^^s-i j^>* uu a 

Ljj_l1SLi i i» .«<_ajJ!j «lj_«JI L^J ^Lu Lajux. 1 in cjLji^LlU 

(Jj£ Sj_a ojl 1— L ajj I j * " j_uSLI!j 1 tl ^ja \ I I Sj_a LtLj^Li. p i u-S-D 
.CjLcLj/ Cj^Ij jl (j-U£.Lj/ tf^l J-c! ' I Ltajj LtjLLajJj 2 2^3 ' 30 -20 

4j!iJ!j -^LpJ! oLoLSLII i. ilrlj (j-ujja lj>l jus ^iiLSjlLI Jjjla g-xtaJij ljm>j 
Ljj_uSLJI ,jja 3Jj£ £_Lu Escherichia (jJZjJ^ LlAjj-uSijI Ljj_uSLi <j-a SjLsJjJI 

OtjL£ U.J .f.\ jjJI L^I >3jJ Ijl L£i!jj aL! (_y3 <_p=jVl 4±£ Jjjj 

i_>£jSLII I jut ^yic- "^P*-" SjUI 6-° ^Lil 9® I a". 1 ' <i> j-L3 oLjj£L<ll 

( _y^jJ_J! l*lj-»JI L$J jj J-2jji Ijl 4-*JJ_<j/ dlVjjLAJ JjISju (jf ^jU" I n"j 

L^ijijo (_ylll 4jjL»jSLII CjIj-uJuJI p la « a (j*l SJjfu-oll jyt CjLjLSLII i>JUi (jl 

(_P>Ol (_yj-ll J"^- 3 ' jj * j 'J J . l-J^ydl I J-A (_yLd Lt-LqJV «l_0~Vl 

p_$i jjjjisbj l_Lj^/ dU t_iLjSLII I jut LjLJj (_y3 j^i-Tj (jl (jH-i - Llo-iSLH (j_o LSj i~i 

-Llo-iSLH ^Jjtjj. I j . «LuijSL!I jjj-Ia (j£. CjLj^'Cj'aH (_g^jr»JI Jal ui ill i. . If I 

p I * II a • 1 ^jLnJI (^jul ^jl ( _y£3j-ILa Lj_u iJ3 _u*SLIj i^USLx-^ i_La_i_uji i _y3 

j^lP O^J j^J>^' 5 J j- 1 j- 0 ^ (o) j' 5JJ I -*T!^ !, jjVj-'W 

^jlj i Cjl_ljj-j>. 4-Lut (jj^Lc JL>.^_1 j^>JI iy^OfjUufjll jL£. ^jij < ajl 3jjJ 

:jjt o^t!-LI jLc t_4j^jj ^ij (N 2 = 2 o) UHJ- 3 (j- 3 "-"^l-y J^>-I^JI *LSj-?^' 

(jjs clj I_j j) J-Jjlj 3j j) (jja (jjSwU sLLa >(_gj^>JI (jl (_yl«J I JUtj CH4 ^Ju tiJ 

•.(_yJLlII ^e_Lll (_yLc jliu-U t_4-^j-i jLuiJ^I U-<-iSLj LaJUi£.j i(jU>.J|j JU14JI 

H •»* 

I 1 

H-C-H ±-4-^ 

I I 

H J^i 

4jj^jJll Q^jj£L!I Sj jj d In" 1 11 a J 1 r-i"n jjuvjjJUj^J 
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jJl_lj (jjJj-uJI 4JLL>. c_t£j-a J-^j) J^jL-oJI 5_)Ll£ JulC^ 

H J* 



H i 



. C^^ll d *^ ' ga a L4-1I (j-\j>.jj Jlj^Mj Q^jj^LJI 

(jLi-JJa^/l (j-Lc Ij_jJ.I 5_^>.Lj (j-a-L^j i^jLUI ^jJ j! u^j^s] 

a j J 'j 1 a 1 1 (jlj CjLj^jl 3jj_i^5 (j_3 j i"i "1 i * 4jlj-U ^>LaVI 

«Lj_Ljt fj I c (jl t_gj" 1 11 j ,M n 1 nil (jjs CjIj^JU CjLilII ^1 Jiir" 1 »l (jl 

3jJL«_o SjjLij^ ja-u&LLo 4j| Jj^-I >— flj i.n<< i^jLl! 0J-#-] I i n 1 1 11 I jlj 

^gj LSJJ (JiLa-i (jl (j£Lflj Lo-^ Sj_i^.jJI <lL>.jJI tfjut • " ' ' 

. joJLkJI >Luij^ (_y3 CjLjjj£LlII <Luutl SJLjjla Jjju Lt£..S . « LJj_La L^>-lj» 

vijjijo (_5jJI 4jjL<i-iSLII cjlj_uJijJI (J^ (jl jj^s^/l tfjuk (j^. 4_JLlII Luj£Laj 

(j_o J j I a II I iia-j? dJI_L* (j! (jic ,5LoLc >Lo-Vl Lgxj-i uJ t_^jSL!l Ijut (^ic- 
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(jLuiUlg Olj9j.V1.nll 



as I j— i_L-<Jj 1. 1 j 1 11 ~ (j-^lj-JLa '.iijijo (_yj.II 4j^_l>J! j^c cjLlLjjlII qjj 

(j1^>. I 1 > J 1 11LS I jj-g-Io <- 1 j 1 n_i •J-^' O-^J *JJ'-? , -'•' j^ir ir^itl 

t » ill n**nj (j ml Mill (j_a 3j_}Lt-£l]l d^-^ , .tl Jja^ d ♦ lq V| (JjLflJ lLLJj^j . OJUJ^J 

,jja-3 d < i"i^fl ^lj_ai (j_o l_Luuo j^><JI (__r3 (jjljj^l (j-a LlL^. Sl_Jaj (^ 

>. 1 1 1 n" j^s-JI (Jjuij j^s-lJIj SjJaaJJ ' d ■ ^1 ^ojlJI jl La^ . 5jl < ca II d ^-»- , ,.A * .tl 
. LgJ (_psjjijJ! J_c£. (j-jLttlj 3jjL>J,l JJ~- ' all 4jjajjjG 4jjLa_i£ CjIj-uju 
, U A >, . j SjjLjJJ j^_pt-La]| 4jjLa-iSLJI CjIj_uuJI ajLi A 1 Call (jjL«H i_u 1 uJJ 
(_p3jVI ^c-Ia 1 ■■ <Q3e-j.ll 4jjLa_iSLJI CjIj-uJuJI ji (__,!£• Lo-Lu/ (_psjVI (jl^Li 

:<_£aSLJI I JLA JUjjiL ^ OjJi> ^ylll v2jlj_uilll dibj i.~i 1 nr°l (_,-& I jl 4^sLj Jiju 
. 4-j.iLji aj "1" 1 11 a i." 1 t j CjJ_«j. JLS L^-m-aJ (_psjVI alxajS^ 

CjLjI ^_l>JI Lai . j^cjJIj j-jJI (__r3 CjLJLlIII (j-a («^*-" La.il ^J^a-!^' v — 
4jt)LajSLJI CjVajfcjJI tfj^J S-aj^UI ^LaLLJI (^Ljj i4jajL\!l ,_Lal^j«JI (j-a ^^^S 
CjIj-uJlUI (j-a LSLusLuJ LaLtu (_£ajj>JI i_3^L«JL3 liil j (_jl^.J • (j 11 a i"itl (j-a 

. 3 j 1 11 a Mill 2 al Utl 1 ii-w |f diljj ^j^o- (_Lal^£. 4-ajvLiJI 3jjLajSLII 
(j-^__]^L_a J_La 4_j_>J1 CjLuLCJI jjj^ ji ' £_i_uLiJ1 (J-t-^lAll (^yja ^j-Lt-uJ 
.i_£aSLJI I |»U , ,.t ^jl 0 <tl i_,j<pj| ^ ^L&oIj-uju^I tjl] Jl3 !j\ni,\\ 
c^_> «" 1 11I cLjj^jjjG CjIj-_ujuJ t."i iXjjlj jj .^11 j 4_ujHJIj 3->»-ll *ri^>-^ 
La^ (^^jjJI i_3^L«JI ^_<p ^yJI C^ljl ij^z. (__H i 1 utl (j-a (j-U^U.1 CjIj Mif t_JL«JI 
( - __ t _j___^_lJ 1 1 U , ,.j ( j-SLIj ^ la * (_3-^ (Jlj La 4j1 i,* I mi .^^a-jJI j>JL^jlj 

iy, '1 1 .ill ^ j_o-Vl j^i-Vl Qa^' Ll>^ ij^ 5 l£3tP^' 1— a^Jtil ^jLajSLII 

(jl (Jj-2-i jl (_i;j^>.| 4_2j_j_La_i clJaiill tfJUk (j£. j_ljj(jJI (jSLajj .dllj jl 
^jj (__;! Lg^j-i (__,Jlj-(_psj^/l (__4^. CjJ-so (__rjJI 4-aJe-iiaJI 4jjLajSL!l CjIj-uJuJI 
l!il_3 .j-j>.I dal ni i Jj-jj-Ls (j_c L^_iLa£,t (_;JLc. ' JaLuiiJI (j_a 

i_<£jSL!! I jjt ^yic (__;jLajSLII Jaj*iL) jjiaitj (__,!!! jj^sLuiJI jLpcVI ^ LijLs-! 

((_gj_Ua_«JI jl) (__ r j>.jJ^ ; L ; JI (jjaSLiJI (jjs ^JJJ-i ^ ' J-i;!-*-^ O^J-*-" L^i' LjjL>.j 
•lij^*"' *J-° (j 11^ ttLij ((_g j-LtajJ I (_,^>-^Ja-u!MJI (jJaSjlJI (^1 

J i i"i j ^j-j-II £-jLSJI jLiJI j-^j (j^^Jj-"-^' j 1 "'' - jl>.I_Jj 

^a_Aj (j^>- J)j-Hll I (j-a 3j^>> CjLujj>. (jj^Lc JL>.^a-l • LV^>. (jjjLaj>.t 

(jjj-i^tj V LdJji£j 4_lj>JI cjLxjLSLII tjLds <j-"jJ j-^j •J- a L>- •J-** SjL«JI 
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CiLigjS.i.oJIg ^jLuuLII 



(j-o (jj^Llj I j «J 1 3. 4_l>J! CjLuLd! [j] JlJO dJJj . 4-uL2jjJ! SjjLujSLJI 

• aJ (j^JI CjLxjjjVlj LtjjLjij L^a Ltacj I gjl , I a '.CjLLujjj-JI 

jj1^>._j_j_lil ! j-Luj .(j^jO^It t^l) L5jj^>- (j-a L^L-iaj. (jjSilj L&ljLC La (J^J tfJ-A 
jLH-i-J I (J-^J • U'HJO^" Cy L?j^ S-^J-^ O- 0 5j^U 15-10 J^tj 

Cjl_Lujy_il! (jf (j^-*- 1 ^J-Ij (J^J"' (J-°J iCjIj JlII (j-o i—SjJ^/l uiC (jr^ 

i_^j|_>JI (jj-^-J CjLLljjj-jJ! C^jL^ Uj . sLLlLs jJlj J's i"itl j^u^ Ji^- ^1 
^jl ^ * 5 q la rt (J^-dJ (j' ^ ^ Laj i ul ^^j-^ 4_j_>J1 CjLuISLII t. ■ lr t ^ ' ih^jJI 

LaA) .4jUI 16 -8 jJjj 5_pJ! oLuLC!! <. ,lr ! ^ jj^jjiill 3 j , ..'i 

a j| d *C j <i i ii 2 j ■ La aj ui& L$Iy>- ^' ' -*■"' (^H-H <— > Lil ^-l>J! ! JLc 
3jljlj 2a i jjL^^I jyc I !jl i jtajll (^jLijSJI c-^jjJ! Lgls dilj £-aj 

.(^GLiL^. ^ ULJii^lj 

4jr i£. CjLjjj^LlII j-;uL3 4j*_uj j-;^ J^>- ^1 1 o-^£ (Jl^tliJIj ^jAaal I Lol . I 
. jt ^Lj-jI j La i ■ ^1 J_j JlJIj (1j)jj_j^j-jJ1) 4_lL>J1 SjLo^j CjLj1^_l>J1 

J 1j_cJLj_U Ll ^— I LeSLJ J LtS LtJ 1 1 JLA 4 J j^J-LaJ |j CjLI ^j_>J Ij 

^^j-jJI 3jj_ua_U jqjIj J cLtlo^c. (^j^>o lj-^-JJ ,3j_iJL>. CjL^jlit_a 1 tiaji ) 

i _ T JI Jj— <-Ll 1 Lj j—iTtSL J 1 ^ai i J_jjlj SjjjJI i>J_A ^^j-^J . « ,^j>. jjJlil 1 

JLjju ^<u (cj 1 J-^iJ 1 5J jlirt_a LjTtSLtJ 1 jjyJt^) ^/^jijJlil 1 Cj Ljjjj>. 4-Luk ^^^ic J->«-^ 1 

^ji^ J j-j-jJJ 1 jj Lea ) jji (jL_ujVl Ia" , , (^j-u>. jijJlliJ 4IlAX1 LjjTtSLtJI 
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(jluuUli) Olj9j.V1.nll 




Nitrosomohas 



d Nimtes No 2 



denitrifying 
bacteria 



N0-3 oljS rf d 



j_«_iJI (_)^>-l (j-o 3-Jj-lJI ^j^S: CjLlJlII ^Jii>-" 1 n_i < La La >■ I I I JL& 

CjLjLjJJI J It"" j<u . (jl ^rP'J'j CjLjJI CjLLujjjj (jjjSj (jr^ oljoiJI (Ji- JUJ 

4_ijHJ! LjjIlSL) {_ya {j*Cl£. j-qj?e-a cLILlAj . CjljHill < ea aj LflJtXJ j jl mi ul ^""t * 
Ljj-uSLJ! (jl . CjLljjILuJI JjjjJa (j£. ijr II ^jj>.i Lu^_aV1 (J^_=»o 

(jl La-j • ■■" L&j^e_ij ±\ n i nil ^l^lj 4_ijHll ( _ ;r 3 3j>^>.jJkl CjljHill 3Jjjis-a 

J*L1^ J}U. j^JI ^Jl c-ij ,„ -,H 

Ja_uj-J Ljj"^ 1 II a JJt ^* Ij . (j-^J^IiilJ 4ILuJJ LjjUSLJI jj-a Sj j< ( <•> «Lc ^_<5J?e_a 

i*LUj 3_jj-lJI ( _ ;r a La-tlLj (j'ljtj jji-VI I j 1 ajjj 1 L^jaljjl cjLjLJJI jj jlxj 

I * o j" (jy^-I! ■J Lallll j .(_£jj>.i (j_u_al_>JI t ^ all ijr 3 l_Aj-al l_3^j_uJ 
,j-a J^eJ (Cjljllj jl Lo^al) 04j!iAI (jlj>. JjHi! I (j-o (jl (jVI 

(_£jJLij (jl (jSLxj (jH-II j uixll jl CjLil^-pJI jIjlcLS liilj (jlr j .4j_pJI lilt 
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CiLigjS.i.n.llg ,jLuuUI 



Laj-£jjJi J^Li. (j_a i_dJij 3_jj_iJI ^LxjJ (j-o J-jj-j d j ** I <-iaJI S j <i i ii^/La 

JLu_uL^i jJ jml Mill (j-* «LiJS_*_uj2_LlJ1 ^ » Mi^Mj 3_)Jl£.jJ1 ' a < 

ClLjl j I 11 ^Lli_ll w 1 C (jlajVl SjJ-js ^ J 'j-' J J ^LHtH "^tH* ^LH^' 

(^LkJI i ii U (ji^. (j' (jLjU^>U al »t-»tl ^Lu! j<u (jyi^- (j -3 -? ' " b ''"**• ^ 

.^j>.jjlill cQjiill Ljj-uSLJI JaLtiuJ Jl^Hjlj ClJlj La 

(jJa (jj_i_La J^tJ cJ^J- jl>"J ' ^JJ- 5 Cr^ iJ^^ J^>-lj j»Lc J!>Li- 

jjJI j>t>.^u Sjj J£ (jl C.C.Delwiche .(j^ij^ta .ii] .ciJ i. . m-w jlsj 
1 J-A «Lo-^/l '1 i alal ( _ ;r 3 4-u-uL.ul 4-uj-&! Cj Li jjSLujU (j I |^1>JI (j-oj 

. l_u^_a^/1 t jJ3^ J <>JJ^-^ ijr^i clf^JI^H^ ijr^ clf^-J^-^ JLjjlj aaltll LjjjSLlS 

cjIj_UJ1 Lujjs^/1 (jVj^ej (jjjJJ! Ljj^SLJ! (^-cj-i (jLa Lujjs^/! ^ujt (j-a 
Nitrifying (i>.jllill LjjjSLi L*a I a^lc jjllajj) SjlsLi <Lj al i 3 ^jl^j o^- 5 !^ 
djljliil! J i .ii- (jV JLs- (jic jj'^a i.-, , ,nt 4j}-U ojut (jSLI bacteria 
(^_ijLi_jSLI1 ^ i J J Jl^j 4 l_u^_o^1 ' ^ojjjd! jl_La_o^1 4JaLt_u^j 4_ijHl! ^ya 
-LujjsVI 5 J q i ii? ^1 JLa-" t uLi ^-i^alll ^1 j_LLa 3j_o.VI (j< ' ' (j-^ cA^-'jj - " 
Jijo CjLjjLajSLII ^1 JL?-"i i ill ^a-,_jjL3 Jls. ^1 LijJjLu CjLilI! (jjjiisj 

(j^^a- i n^VI L^jJl^c_j Cjlj^uJiHJ! SjJJlJ 42^*3 4S^Lc SjjjJ! tfJL^Jj 
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3_oJ! oLSLCI! (J I 

_a^e-> 'Lp'JI CjLuLCJ! «L*Iu liDi (jr^-J (j-LCT- uiM SJlC.1 i hoi SjL«JI ( _ ;r 3 

3_<Lu(J! Lai . 4jLCa Q^j^SLII J j i uS*f J^LaJj sl^J! ,j-o i n^Vl 3J!jl 

ju^jJij . ~^c- ^j^jj^ ^-Lj-^ (JLH>^-^ jlu_u£*I (^Lj Cu - t!u w L^ai 111 

J j i n^l (j-jLj JjUjcj i! i - I j i^ajj I CjLiLii]! L$J a j "'"-(j* "*• 1 I .' sl^g-II 
LJI32LU1I a i i i <i \ LgJ.lLa j_i^j|_t£. irVit Qajj£LJI 

J^><JI tSS^-^i (j-^L»J! (3 Ual! I ^3^-11 Ojl 4 -" ^L<JL«jlJI i>J-fl> 

.3,0 3 j i .1 b (j^jj£L!l Ju i .1^? (.j-j^ij 3jLU (^ 2 1 3 < . m jr^?- . ..^1 ^Ir 
Sjjj i>j i (jjs (j- 1 - 5 ' ^JJ^-" eJJt lJ £ ijr u±Ajl\ cjLijj£LlI.I ^L^j-uIj .3jU! 

.SjjJlJI Qa-jj_SLJI J j i ii SI "-^H" i-iiljuj Lfli^ejj jlj^Jlj <_ i mi-sJIS" 

3jj-5 ^La> <_alj^tjt ^1 La LiJLc. I jut L^l»c (^ I j IS, lj 
(^Jl ^Ll^o ^ (j-lJI 3_uljjt>UI LjpSLJI (jjL'iJI Jj^iAJI ^Jsi • a 'I i^aj i_sjj-uj 

Lg-LLieLXJ V (^lll 3jj i^ittl jJLl jij ^ 3_L*jtVl 3jJLi jll ^jutj 
ljr X\-»J\ (jl " til (jit* (j 3_uljjt^UI L^jSLJI jjI^j Lai 2 lj j ■ hj (j^? - 1 

(^j_3 (j-LIaILl (J<sr i n^VI ^ JL^-"i i n" (^jj>.| CjL)Jj£Lj_a clLiLi-o^J J_*_u£"G3 ^±Lall ) 
j a " i ii "j (jljjjjl Qa_lj^LII -5&-2-J Ij-^JJ .QaJj£LII J j i uSI (j^jLi 3jL^-LII 

(j_a (j-Ia (jj j I a i_aVT *j ui C J^*- 1 L^JS" (j^jj^JI SjJJ (Jj-«-a J-Luj •*J W 3^1' 
i_^jL>JLj ^j-2j d i ii 1L1JI ^eJauoi LJLkJI CjLiLilIlj .j»Lc (JS" ( _ ;r 3 (j^jj£LII 

cjLi^^SLiiLa jLx_JI Lai . q^jj£LII j j i n^i (j,-!^ i —- L j^ d i ^ <j-a j-jS"^/! 

2jj i eajtll jll l ilf I i_k!Gjj (j^jj^LII Jj i ii^l (j-iLi Cj-ujJ (^ (_Lal ^jlII j«-fl>i (^^fli 

iDiatoms ( I )cjLajjLj jJIj 3jj^>J,I ■ _JI -»Utl ( ^ j0 I ^ , L^lL. ,_jjJuj 

^U", uUJ . j^ejJI ^Jaxu (j^Lc- (2) (jjjSLi^LJI cLiJa ( _ ;r 3 j a LaJ (_^jJI CjLj^SLJIIj 
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CiLigjS.i.n.llg ,jLuuUI 



Plankton 





. 4j^sL>. SjJLa^s CjLLu V! p-glll '^3tJ-!I U3i>^' ^Jj- 5 Cr^ J/* 

ijr Jl j^paj^M (J-^ ^"hl/-^ jj^ , ,.^tl jjJa ^j^jJLo I 3 3e "1 l J) 1 »*n 

^Jj , ^.^".tl , j rtVl 1 J_A j^^ii^Lu . l_U_u_UJ IjJ-i (J- 4 ^ Ot^" 4 ^J^-^ (3 " C7~*^ 

_jJj L^Jj*L*jj (j! (jij i_) V djn itVl 4jl!Li SjjJ ijJLijt (jLa f-(_y-£j (j-a (j^J I i J "J 
d j n U tl cLtii!! jjjs^/I (_>^JLJ jaJLaj (jl I ijlr I .^.al ' ^ ( _J^a LuSLIj j-lqJUlII 
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(jluuUlg CiLigjS i.nll 



Qajj^LJ! Jj i n^I Jjl (j-o >(j-ij> OJ^-j Li^^ iff - ? ' <J^J 

I 2 - I +aS 2 

2 2 

djIjLJLlI aj| ^ ^LcoJ! ,_LaL*J! jjk-5_uj/LlI.Li-l jut q^jj£LII jj . ..^t Jjlj) 

Qajj^LJ! 3 J i ii^l (jSLxj j! J i n^Qjl (j-o CjL>-jJ i f II I j a (j-aj . (diljl j i nil (j-a 

liLW^ ^^^KJ 
C 6 H 12 0 6 ,fuJj,il 
C'cHiiO,, 60 2 » 6CO z + 6H 2 0 

(.U) * ij./Hj^JI^-B 

2 SI laJl p la « a Lai . 3jlj^>- SJLufc (jlr JJLy J'* I all) I j-A 2al Utl ^^. .j 
. p 1 n->JI L-ajLLij (j- 0 ^ (jr^' 4jttjj3«X I ijjLa-iSLII CjLlLojlJI lLLjj_>>j iJjjJLS 

. 1 n^^M jLc. ^1 JUy" 1 ill (jj-i CjLlUj(JI J-"-*^ Cr^' < ~ 'WjJ^r!^' 

:cjLujjSLI! ^ jLa-" 1 11" ^iiLa cjLljjjSLil 3JjIL>J,! cjLijj^LiiLa 
Carbon compound + Ca SO„ r C0 2 + H 2 0 + Cms 



22 



CiLigjS.i.n.llg ,jLuuUI 



4_]jLi_j£ 3_}l_o J 1 n^G (j! 4_aLc <J^Ji]1 .(J1jIo*VLi 4_jJLulI1 

•■j jj^ JL>. ^Jl uj a iL^jj-Laj L^JjUjtj CjljUlil 5JjH_>JL! Ljj-uSLoJIj 

V Cj^LcLij ^_JI (j^-jjLa- i ^J1 j j i"i t LaJUx. Mill ^j^* 1 1 a 

(^^Julj Ijla • Sjix^ cj^icLij L#j| (^r^ dy*-? - '.n^VI I" < <~\ 

2 ?U"U c I alii S-aLtJI cj! g i ntl (jJiAj LgJ Sjj^jJ.! cj^icLalll q'\ • U 

isJ (jlj jjJUJLr»J! Sx. j^ajc-a (j_a I J i n^G (_g J LijSLI I j-taJ ( _ ;r 3 dJjJLjJL>JI 
(jjs jJLS (jr^- J^"^ fS-J Jl) (j-^? - 1 M^VI (j-o J-^' *J_i> Jt ' a -^ J^*^ 

jjJLjJL>J! JUj^K^ 1 J i n^G £ i_djjjj_>j! JjjjK'q i LiLb (j-tj- i n^Vl 

file j-qjse-aj jJljlo^VI Cj^LcLflJ Cj J_=»o CjL)Jj£LlL! jj-* i ^ J-*!^ 1 *-* J^tJ ^jl cLu_ol_U1 

. OujjSLI! LjjjSLi a 1 11") tLUj 3-Jj-lII LjjjS-i (j-o 3x j-«ja-a LtjjjG 3j^j_xJI 
4 j t iiL^/Vl 4 1 1 11 II J 4_ajJ_«_a d I j % i<-i L^-Lu SJs^LnJt (jl (j^Jlj) 

L«_l3j (ojj-jSLI! Sj j ^ ^!-'- 1 - a (_>^d^' 0 c (jl ( _ ;r A I j Lj 4$j" miU 

.oujjSLI! (jJI jlujjjSLJ! I jut oj , ..^l ^j^Vl LjpSLJI ^jU~, , „~j .41jI! j-«U 
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(jluuUli) Olj9j.V1.nll 



jtUJl U,\_,y JjU^ 



jl y^-\) oLJl oL>j ^1 




Sulfur - Oxidzing bacteria 



Sulfide - Oxidizing 
oacici 



si_Lul! SjjjJ! (jja (_g^L>JI >j_>JI jjL»jj (jl 3JjlL>J,l Ljj_uSLi! 

2 al La II Ir Jj^uo iJ JbJ 1 Ji-uj^-i£ j^JJ oLxjjjSLII JljIoJ JLulj jl J*C uJI 
4_uc|j£LlU Ojj-jSLII SjJ^ j 1" ' ^<u (j-oj Sjj l^uJI jl jll 3 J 1 n^Li lilljj 3-aj^L!l 

ojut ojj_i£LII LjpSLi j^-jj La LJLcj . 1^1 LjL«JI oLuLOl ^1 £l->-L>JI (jjj 

LaJjJ . L&o^e-IJ SJjaJLtl tfLj-U <_y3j '^-yj-^-" J^h 1 ^ O"^ *-. ^ O"^ 

j^ts ^ t_>£jSLII I jut (^ic SjljLuJI <LpJI JoLtiVl ^Jt LpSLJI ojut ojL£ 

M-iILjj-j^LJ I tLa-la )VI ^ a ml . J-j-uLUI J i aAJI ( _ ;r 3 (_£j_uj/ La£ ^cjjLlII 

La£ ^Lol i^i'i^VI j &ljJaJI ,j-a JjJjJI ^ SJaL^a Jju j iSultfureta 

4^jl .Ml LpSLJI tP^i *-^J ' " lj •M^-" '•- ;La 6-° ^.a-^La Jj 1 -»*» 

. Jjlj La-i£ Ojj-jSLII 
L#J (j^JI 4-JjJJ-JI CjIj-JuJI ( _ ;r 3 LaL* IjJ-i (j- 3 ! *— ■ 'WjJ^r!^' i_iJ(Jj 

'I Laaal ( _ ;r 3 SjLcLi^iLa tLxa-A? LgJ QaSu (J-°J •O^'J^' <>Ll»JI J-'"' 3 '-'^ 

.CjLi^SLJ.1 VaJ L*Jlaj>.j w j* u La (jLcjjj/ L<1«JI CjLuLCJI (jL dili i^^jVI 
i—ijLIa ^Jl (jjs JJLcj 4_u-uL-u^/l el La izl 0 JJt, ,ji_i £-a->o CjLijj^LiiLa dll j £-aj 
CjLaj^LJiLa . (_gj 1^1 ill (j 11 i-r It 4j^cj_a jl sLj^Lj jl «Laj^ (jj^j <j-^l SjjjIjJI 
«La_i£ 4_o^jJa_LAj I «Ll>.LlJI jj-* (.^J-^lj .(^pstj-a^M <■ i i i uj (JLlLI (J-U < n ^^j^Lc. 
(j_a 4_ii I r iCjl_jlj_i_>JI jljLcV (^jjLajJI JljIjUJI ,j-a 4jl li^o- (j-a 

j 1 I (jLcuj^U ( _p=>j_tl <Lu-i .i_l (_gjJI ^LcjVI (_J JLa j^jj (jl Jj-ill J ''-^' a 
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CiLigjS.i.n.llg ,jLuuUI 



4_ujjtil i. i < nlj^JI p Lac I (j-o ! JjJLc 4-j^.^j-^>. 4_Loj t (J!>ii- CjLijj^LlU C-j-i^ 

2 \%t ,i\ dJJj .1 IjLtj S I jl t~ La S LuLo- IjjJ CjLj^SLlI.1 i_4J(J3 ' 

i i h . Cj Li jj£uX I L$j I *Ti V t_ul 4jI 4_lajjJI LuLo. ( _ ;r 3 

.i_3jjLa j-^. £j-U3j-4-> «ljJi]l ^1 i_3JL^j LiLj£ JjLuj (2>*JJ till j ( _ ;r 3 

jjLi (j^j-JI jl d j-^*-ll cjLuLCII (j-o d i . T 1 3x. j_<a_>>J, I dJLtlj ^ ^"1 i (jjl pijt 

.oLi^j£LJ.I l ^jq in") (jillj U^yjj 
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4_j_a^JLll «Lc^_a_>JJ ^Lfojl o^jLi (j! (3-u-ii 

^3 u < u] « I 'Qj i uU ( p ^-Aj t<Li£.Lu^aJl LjjUSLlU 

( j - a CjV^Lj_u w 1 C 4_La ^Jj . ^ ->~t1 ( 2)SL4-lJ 4 LuLtajj-l 

"1 i ii a N J T ^ j ■■ j t j j a se i fit_al_& d a J taj 
j_lC CjL»jVIj 2 c I 1 1 a II 5-aJiir" . u U CiLkij'C j al t 
3J^*i i n U 4_ila^_J1 Lj^pSLJI Lcajt - la a se * Lc_)l^ d J JaJI 
^jl tjj J * M tali i * ^JljtjJIj jL_oAJ! 

reference strains 3_<_ij>.j_a cjV^L<_u ^ I r I jj i a sej 
3 K mi a <_ i j i ii" jJa (^ll! v2jLijij£_jI! dJ±L> L^ujLlt 

*L>. ciiLjjiLll,! (_JJL>.I ijjjjjIjJ! ^1 ^al ijl 

A j*l ^jjj .j"* a Eaj 1 1 J^- 1 ^ ^>J* J-^J LujLjjJ 

cjljLjJ! Jfli I i wii J^a ^s-Jj . L^ij^a 

J j j mi ^ I c (jj-^-Il 4_lL_uIII1 (j- 0 ^Js (j^oJ Lgjt VI 
l_i_L^-JLs- ^ I f-1 JlT>. J^il cJj Laj . SLaLlU 
JLa (j-a (j^Lj j«Jj CjL>.^3-" J^j-^' W 

Si se a JjJi^o jqj « Ljj-uSL))) d a K ^^^-t-t-a o J 

L t - L aj > . j^>.jj>. La . cjLij)j£LiX1 jj-* ^ jc ^- a o " ' 3-^ 

(jLCll OJ-^^CJ L^-^' J>^' cr^- (l>*^- s '- ; - 0 

.l_ol ^ (j<U"i 1 ill La £j_<_uL> 
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(j! i<Laji>J! I x u Lo IjjLij . jjjjjjlj ^Lcj_iVI 4jojIij (j jVI (ji^. J-^J 

jl 1 ,i'tVI ^JLj jl jJa! ^1! J . SjlsLi w A J.' jiaa. ol j 1.- 1 1 .nt «Lp.Vl ajjt <LlJLc 

(^y-Sj . I 1 a « a jl w j tail tiuJLs. «LLa (jL^ La V! I J ajilj "^J 

!j_c La LpSLJ!) (_P=>U l. . j . ^lll LjpSLJI LgJaij i^alj L#ia 

.^Ij-aVl Lg-i3 j uij M ^jjll <j£LaV! ^ J-xLaJLl 

dof jlsj . L*5^tj jl 3j_p-Vl 3_jLU (jj-luJI J}L>. VI (jLvujVI LjJI 

(jjj uuJI oj-ill 1 . JaJlj 4-aL«J! tlse-i.aJI ( _ ;r 3 (JjL* j»jl2j ^1 3ijjtll aJJt 
Ca\-i^j&jX\ Luii^L) J-2Jj . djJLUI LlLSJI ^Jj ■ eajlll ^jj (_£j_uj/ La£ 

I J_A 1 "'^ j 1 a a3 j-J^I [j 1 +" ' 1 uj iJjVI J 1 aAll ( _ ;r 3 ^LvojVI Ja^-J 
-4 j n 1 nj i-^j 1L>JI ' ga all ^jJLi (jl ^jH^lj . Jju Lajj3 £^a_u3aJJ 

^jLoJI (Jju>u jlj i Jju La_jj3 L&j^jJ j^pajjuj tj^u (jy^-JI dj Lj^c^SLiX 1 (_^aJU 
Cjj^alaJ I J**' 1 ulj a (j I ' '4-aLc d a ' aa ' I J I 0^ J L^»J-ul5j 4_dJjJa ^_a 4_ilt (jr^ 

1 ..jl i_$lxl\ jjk Louis Pasteur j j" . ..Li (j-ujoJ jj J>^j ^1 LJ 

^ A «".t lj j 0 -^.".t1 ^t-Lu-oJjjs LljLa_j£ (j[£j-ju< nL Ci ill JL9_9 j ui£ ^j_oLjJI 
Vj .4ILx_] ^ 1 '"'I J L»c I 1 j 'I QaJiaJil tjL^j .CjL^S_JiI ^1 (jLt>.jj 

Lx-ilj 1 j_jjLlII ixj ( _ ;r a (jVI dJJj cjLuI j j" 1 ..Li t_j^Lvul (jVI Lij-uu 

fiLusjJt_a 3jl_a 5_)t ^JLc Lul j -"-^ ^jl ^— J- 1 ^^- (jr^- ^' ^4^' 

w I C ^j^-ajLall »l a WTI ^LHjci tiJJ j i ^ ? JL^,J . L^jj-uiJ j^aj^ T u d *"'**' a Q ^***'^ 

^1 jjVI J 1 ^'^j Ljla^s-j L*jj_il JjLuuJ jlSjul ^1 I J 1 j a j CjL^SLJiI «LuIjj 

^a i4jjj/Ijjj t-J^SLus ( _ ;r L^. (J-uaJej ^1 4_LLaj(JI 4_o.LlII (j-a j jJLi La 

jj^-21 ^l-c^x-i joJ ' (.^-i^' ^Lsll ( _ ;r a j-Aj iSJLUaJI j-JLi JjVI ^Loll 
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^ jr l\ 4_al_c j La ' ea rt iJ? j>. jj j_uj^£LJJ j . 1 J^SLAj t ijr I! pj (j_i JUJL>. 

(jLeLaiiaVI Jjj i ii 4JLuiXI 1 JJt (33^ jj-ujl J-I! ^J-aj^ T uj . L*_a ^uj_>J! «Lt_uljJ 
a i iuj) I j * " 4_l2-l1I 4cjjj->J,! (jlj (jlSLaVI j jja 4^ajL*ILa CjLijj^-lU qj£ ^\ 
2 I j CjLjjij^Llxj ■ La baej V (species or strains i u II jl £j_LlLi SjLc 
1 j_a ^ 1 1 c jjjjjI jJI ^-ij-i ' Lat . *l ^-11 jl ^JlL>« jt ( j^jjI jJI > « mi 1 a i jll^jq 

(jl L& ^ ml i uVI j ^Vlj £• ^ (JjLaall w ' a '-"j 1 1 I JLA (jIlSLu i n'q 

d d ■ gaj Lo*jJj_LiJ1 «LlSj <LdJgjtjq JL>. Lo* jjj_u jj^LjJ. 1 ^3 4_*_o1jjJ1 JjJ-k 3 
(j_o ^ Laa-^tj pj LjLu jl j^clII i. iK jl Ld£ JjLuj (j I ijjjj J-iLa Cr^J ' 'La^ 

£--a I i c LaH ' JL9j . 3.3 JLaLLa (JLa^. Li ^ jjij dulj <LdJgjtjq t ul jj>. 

ijj^l i n ^ja T L T e- i j (j-UjLa-iSLlI ^jt La^j . Ij-;J^ i— Ll Iaj (jJ tiJ-I^ (jl * s^j^LtXI 

(j_o 2_3jj<_U (jj i a i La Ij-sLjj SjLil CjLjjjja. (j-a (j-U^Ltl Jjlj (j-U^LU 

i." i i njtj . -5j-^II MjO^r!-^' (jjs 4^jJlil (jj • I ■ uJ La Ij-lLij CjLij^S-lU 

3j LaJI ^-jLlC. ^1 £p-JJ ^*^Jj U^JLsJI jLlo.1 5JI i .1 a 5JI i nil oli-tb 

<_u i ..II Ij^Jj .jg «Utl ^ Sj^la SL-uljj Sj^ill jL>.V! Sl^/IjjJ jVI JLvLlU 

jj-a ^jj S-i-La-j (j^—L^^o-LAjl (jl 4_o_i2_>J1j . L^Lq (jy^-Il CjLcj_UajJLl_i 

cjLj!j_Lj>J! 3jj_aJll Lj^L>JI (jj_ujjj LajLi^, L^ jJ^u j(j£LlU ^j-^ 3 

. i n't^M (_y3 CjJLaj La^ Lj^LiJI Sjjjlla 

iJ3 _lJ! cjl_LjLSLil 1 p**' gj Lo*^aJa-u jij^LJL 1 (jj (J^-^-i (jl ^-^3^ ^ c^^J 

S_JJj_I l_JjJ_)_Ua Laj! J j^>J,! J-KJJ . Lj^Ls. ^-i^aJ jl SjL>.!j £ Ljii- (j-a QaSijj 
(j air (jj jLus ^^yS (Ji.! jGj g-^LaJL j-Uj • J i i a L&Lj^Li. (j^/ CjLjj^LJi! 

.Protista I" i .n^-JI p^j/Li (jaj^-^I^iaJI I j '"j «j 

I * 0 Cr^^ CjL)Jj^Lj_aU 4_u_u_ujJ1 JaLa-l^/l ' dJLuaJ (jl LlA (^jJj-tiaJI (j-aj 
(jl . 2 j. i j I ^~ tl Lljv ^1 ^^^Jl (j^. j^>- 1 <Jj^ J 3 Lutj . 4_JLlI! (Jj LaAJI ( _ ;r 3 
L)' l5' '(j^TP* ^ 4_ijjiaj 4_uj_Al «U CjLjI j_j_>J1 j CjLjLtlJI p_u_o2j 
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3_C JJJJ*_a 4jUJ^/l QaSij ^<U lt_!^LSLU L^JJjLiLa (j^S^J^I I J UJ La_L3 i_!jL2jJ LgJJ^lj 

JJsi jj'a cj Li jj£Ll«1I 3 j 1 11 ilLi 1 ..^"tt Lai .. I jSL&j gol *.>»tl 2 1 , ^ a; ^ 

CjL-uJ^j-loJIj t Jl s&JaJl (jj (JHU Jjj i ii (jj^, (jl (^^-^J 'J-i^* l^- 1 ^**- 1 

l_Aj_^Ja_a ( _ ;r ^ 4jl uuJ (jJ-II CjLuLCJLs ^LlLa Lj^'i'v jtl (j^-^ 2 - 1 O"^ <>JLcLiILa 

(jLSLaV! (j-sj 3 fl-Loe a i_3^L<j/! (j-c cjj^Iaj jls L$j| jjL>J! (j-o L^^Lj/j 

j-j-C ^-J uiJLS 4_lSL1j i La Jl>. ijr II LjjoJaj 1 i CjLlj^SLJJ p i 2j 
(Ja^s- La (_psljIl^V Lhjj V «LLa-*j LI Lhjj CjL^Jj^-lU fi ■ ■■ flj La LJLcj 
^a-j ■ ■■ (JjI—ljI i_Sa_<-u 4_La_u_u_Ll1 4_*j>.ljJLl Jju .(J_ajtJI IjLA (j-* lj -v 

.^ojJI (_glj-J! Uxu» cjLjjj£Ll!.I 

Algae-(Alga) (4) (wJ^Ji lAd >tt$ ) ulUUl 

( _p3l^s.i ( _ ;r 3 (jljjusJI ^Ir tjl i n't^M Lj^LJJI 3jLo.j CjLjLu aJJt 

4ijLtaJ! CjLjLaillj . "»l » * ~ , „t I ^3 S LU Q^J (_Loo Cr^J ^ ^^>^' ' ' "' 

w j' a »^ ~ ,..11 Mif ? <j-a J-JJ^5 I'iif Lai . j_Uai.^M ^1 

Scenedesmus (j^j^j-j-*.; 'J 1 :3jL>.l_aJI 3_lLsJI Cjli 3-ila n ill i _JLseIaJI ,jjsj 
jjLJu j_o-VI Ijutj . Chlamydomous ^Lij^sjjLLa^LSLIIj Chlorella ^Ujjj£LIIj 
j_Llj 3_jjl_Ua_i_i 3jU>.!j ^t-^Ls. (jjs L-AseJaJ I (jjSiljj - 1 j usJ>d I tfLil! ( _ ;r 3 !jL>- 
( _ ;r jt jl) 4j>I j i ntl . .." ( _ ;r JtJ (^"njlla iO I ) CjLl^S!_La ui£ L^J ^Ja 

3_j_L>. J < mi" ojutj) Chloroplast i.~i i "^Ljjijj K II ^ n . j 3_j_L>JI ,j_a 
5 j I Till jIjl^-j LjJL«J1 oLuLCII ^ La^ St^j ^JLLaj .(Lj^Sj (j^Lij^j^LSLII 

»j liaj I ^LL>«j CjLjI wtK- - Ij , '--.^.tl i_JLaJaJlj . j_aJjjlj i u II (j-a i_aJGj 

I JlSLaj i I iSi i tlj j *C i ntl ^1 Qajj£LII J j i ii^l (j-iLi JjHisj sQjal^uaJj i j-aji! 
Jjj t ii 4jJJ ^LLr>o La (J^9 ii-LiS .%.»tl ? |j_«J| ^ jLy'i i n" V (j-Aj .j3l£ju 
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aj sej 1 11" V oLsaJLJJ,! (j^-^^^-u jj£LlU 

cjLu! j ,3-a <_^L>. ^ i ..q - \j LtajJI i _JI -» Utl autotrophs 4j jJuJI <Luli 
^1 I ^"-vLjJ Ij laj photo-autotrophs <L5axkl| 4jjJtll! cjLuI j ^Jj 4jjJ>lJI 
(jiaj^j ( _ ;r lc- ( _ ;r ^ rlererotrophs ^SjjJuJ! 4_cjLiLa CjLcjLCJ! Lai . 

(Jjj^iAII ( _ ;r 3 CjI j n i ."ill aJJt Jm'nm 

t_JLaJa li] Li ' a. 2 1 Lgj^J 4^jjJI (j-a sLxj^a 4_lLc L^La j_uSLI! 

jjj_L^ I jj'a i."' i ii j I 4j3jj_U » I) Ltaa^J I i_JL»laJ!j-((jaUI (_Jjj>.|j 3j_a^tA 

. j^jj>. t 3j-j_aILa 4_o* ^aJa_»J CjLa_t-£5 L$Jj 4<3_l JLjldJ I t ^ r JI j ^"A" La^ CjLlj_u^Ll 

.t_JLaJaJlj Ljj_uSLJ! (j^j 4jj^iaj 



(protozoa-protozoon ^§ lAdj&6£) 1$ j$ri$jnJt 

L^a ^pJI L^aV! L^J (^WJI Jill j , L>UJ! 

-CjLkjj^-lU JLa£.i L^j! J-flljJIj . SjJjuJI cLbLiLa ! jjjj jj^J ! j iiUj/jJ-ll lA-us^Lj 
iLojLLa ijr II £j>.j-i <. < 1 1 utl (_LtJj) (j-\_o*^^o-uj)j£Lil1 ^LalukLi ^ylajo V La j^a^j 
Lt-aL>. LCla Lffj^ 1 1 u "tt-i- 1j)j^g3j)j^J1 »1 a If ^_Aj-(j1^a-jJ>J1 ^1 air jj-* d ua-ua-JcILo 
. 4jIjjJIj SjJjuJI Cj^ej ( _ ;r 3 SjLjLi)! d ijk"* Ijjjj^jJ! (jl jjaljJIj . (! ja^J 
IjLa.lj-J'C uJ| ^JJLa Jjl i>\ (jl _a-p. jjtj-paramecium a^j , gj alj^JI q\£ Lxjjj 
Antonie Van 1 1 ; I j j i j I (jLa £jj La j| I j ^ V ( _ r lJI (^JjVl oLi^£_J,l (jjs 
Ljl " i .i^fl Lai j ui c jjLvoJI Q>ill CjLk^^LlU i ^ .^."X Leeuwenhoek 
SJiiLa-U L^*c 4_bl (j^/ I 1 & I L^i^-dJj^elLa |_gjl i agj ojt3j^_l>^ c^J" Astasia 
(jjjj-J (j j " a fs-J <j-°J . CjLjjj/Mjjj^I^ dJJlLajEuglena I i j I "^^^jJI (jr^J ^1>^ 

IjljjjjJI (.in n"j . (jl ^L>Jlj CjLlIII <j1_l lj|jjjJj_Jlj t_JLaJaJI (jlj Sa^tAII 
Ltj_uLi (jSLIj i (jLjU^lj CjLi! ^l>JIj CjLjLJI (jjj jLi (jljJajjs j! Lja^a 

-(jil-j^i! (jJLa .(5j^>.Vl oLi^SLiII jjjIj (j^i J^l-(«i«j La T L3- l jL^j'^l ^J^c 

^jls 4_LLflJlj cLLuiJ! j^Sj-lm OuL^ (jlj i Ll& Lg-a-uqi^j (j^, ^^Ldl (jjs I Jjj-a 
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.4-JLUI JJJ^lAJI 

(Fungi -Fungus jtii lAd jrittg ) Mbjhfllt 

,_£jJ 3_3aJ|_a toadstools (jjJLjLiJIj mushyooms t_iljJLll cjLjjJai jl 
Jix-i La IjjLj LgjSLIj i>! jjjJ! (J^. p j I a (jiij_>J,!j Sl^JI iCjL±i!Li ^ U" .~iU 

w J ta-AJ I i. . r jJI Cil 1 1 1 n aj (jl a c VI Lai . ,ji_i^aJa-u jlj^J-L I 3_ J _ u |jjJ SjLa 
jJsj I J->. 4_aL* ^j_aj<JI ,Jc. 3j_LaJ«JI j^JI S^Ll^^Li taAll ! ) LaJI J 

, 1 Uj , ... II LUsjIj L^jj^jjJ Ij-laJ ( _ ; ^^Jj T u^£_ii! J-t£. sLl3j_»I/ CjLij_>£LLa j ir-il 
^-jl mi tl j-a_>JI ^ c ^-^J . 4_ji_>JI lji_o*J (J- 4 ^ Lg_La Ij-jj^ (J' (1)-° (^J-^ 

(jlj) (j^Jtl! j jVII j-LaJ.1 Qalll (j ta «" jujjIjjs. Neurospora Ijj j 1 "Jij>^ 

iia.ll (jljJal Lai (Eurotium ^-ujja-JI j-A I .^ji I 'j-^j " ^ jl ui a J ac jK 
J-ijJ! (j^c j . (Aspergillus) 0 "lj>j "^1 j ^\ ^jj-H e^l 

j La£ (j ri ■»**! 1 1 (j^-><-II (jlr JJloj La |>jj£j MucorjjfTa-us j tVa diii aj (_gjLajJI 
j_ujJI ^ 4-ajj-" 1 11 U Sj-ua-JJ! .(j^e-i jj^j Mill Penicillium ^jjlj ' " ' <tl 

^oJu 4_oL*JI 5_)jIlJI q~\ La^ CjLjj-LajUl £j a iX jj-a 3j-j_JI sLcl i 1^1 (jy^J 

I**i 1 1 1 i L^-L lT l^I ^ a uiJ S[ ui II ^ J La J 3> Cj Ljj-La-oJ I L * a -j ' " 1 J J.* ' ^ 

jjuj w j'a iCjLjLilLi SgjjMi-S-LmLmi 2 A , aj-cjl '*Ktl ajjtj , Actinomycetes 
jjJLjJI (J_iI_2j ( _ ;r lll) ja-ulj^>JI (jJaSijj j i""i i"j L1L0.I ^_)-flJJ (.^-11 JaaJ-><JL^ 
3_LLa_c 1^. jsful lil) jjj 1 jjjiaie-JI <j-a ^litj LgXJj (3_^l jJI cliLjLiiJI ^ 
2 jj L^mJ I jl jj,l ^1 ^LLr>o L$j| i3_jjLilJ| cLbLiHa (^yjtj (j^J ''^^ (J H<"tl 
d IIt'iU i^ajJI jl jll ^1 jjI J-J-a^>. ( _ ;r 3 3jLc Jl>. iiU jJj 1 j-a_u j_jj»> 

LiiajajJ JiL>Jlj <_ 1 mi-sJI JiLa 3_ajl_2j^| j| ^jLfli 4j^jL>. 3j L^Jj 

.£_lL_uJI (Jj^ia^JI 4jr 5 mjJ-u-u La^ 
^* ' a!la t . tl -..t^tl ^j-a fiLt^L>. ^I^ojLi L^jLo* ijr 3 CjLjj-La_flJI ^j^* 1 i_La_ujjj 

jaIII ^jU", , .." J!^>.^/| i'jjt, ^ ^j-aij Lichens ,jjiu^l ^ a 1 .1" 5j^j_a cjLuK 
dJJ i Lflia^ajj « I Jj^>JI jijie-LaJlj JjLiil ^la 1 ut£ 3_jLii! «LL>.L9 ^jISoj 
I flj Hi's" ^,111 4j}J.I Lai .i_JUtIaJI L$J jJUU ^^lll 3_ul jJI djjJilJI ^Ic: bLalcl 
.4_UiaLc. SJLula 4£jI miU OJLfli (jjs-3jj_a ijJLLfli OuL^ (jl-l_JLaJaJI 
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(Bacteria-bacterium (t£lja&d Ubdj£*$) LjMn&nJI 

Ljj_uSLJIj . Germs 4jjiji2lJI (a-ulj_>JI 3 aK <j_o Vjj 4jlaL>. 3 j o . . "i a jut 

^J-J-II L£ (jlj i(_p3lj_a^U <Uj-mXI CjLk|j£LlU (j- 3 lJuju^I La Jjl C^jL^ JL3j) 
-Ljj^SLlIIj . I i aj| Ijjjjj-illj CjLj/^)_LflJlj '"'Ijj taAII (j^J (_psj_«iJ LiLoj/i joJLkj 
.jjfcLjJtl MjjjsLi VI 4j- i>ilj I <j"njj jjIIj V ljL>. SJLUaJI (j-o jJLu-SjL«JI 
Lg-clj-l! q-A l_5jij-jlJLI (jLl£ (jlj ' J J .' ^ JL>. ^jj| gL^jl Ml" a Lt-Lgrv JJLU ^^j-Aj 

0 i^i t II : 3 j i ii j \; JLSL<i/i aJiMj tiJLLaj .a_iJJJ,l i_aVVL> juj L^VM^j 
oLu^ajJI (_>Ajijj (Vibrios) oLjjI^IIj (Cocci) djlj£L!lj (Bacilli o^Lu-uLJI) 
jJijj (jail Spirilla oLj-JjJlII ^ykj Ijjlc J^i JISLii dJLlaj JSLAII 2 xLa_ia. 
jjLCG Lajii£.j . Spirochaetes 4j>.j_<tio J^-p e^-" CjLLi^^ jj i ..tl jl Si_Sj^t£ 
jJsj .(jOJjl ^1 • La igi '" L#] («^>- (j ' -* a ' o' cjl^ ^iH-^-^' 

.(Jjj/^Li-u ji CjLkjijo __r^ J) 9 "* a (JLi^aAjVI (_>£• SjijJ^JI L^LiJI 

aLvoI * i ' * JLjjULc ^-Aj i^_j-j1j-^>> ^i-i-) I J ' * ) $ lZ1js*l1a Ljj'K ill _j^»* 'J 

(j-c i_ajijj(Jkl (jL£ (jlj ^ i .I i ^\^yi Ljj "i*C i 1 1 (jjijJj .i_aLi>JI 3jlj_>JI 

• (J ' " ''T^^ (JLi^ajVI (j-a Luljj LjjJ LgJ (ji CjV^LajJI (_>^a-»J 
3j^ja-a i iat jl j_o ( _ ;r Lc J-*l»j L_ji (_gi 4_jjJuJI (jjLiHa Ljj^SLill <_ i If lj 
Lai i ir^ii tiJLijt (jLi i_dJj '. I" i n"j|j^Jl jjlj I La i uj Ij^J-a Jj-= >, <-' (j-^J • L^a LitlaJ 

Lj_pSLJI Q « J 3 . (_JjL>.^/l ^ J I iuS^-II CjLcjJlJ>J,l I- i Ir I ^1 (^yjjjjj LjJ_uSLJI qjO 

iJ3 _Aj ^ LcaJI ^J_ l l< C <JL] ^^Sjj jj ,>>-^.^t1 ^j-o j^^ssLi. ^oj ^jj^Lc ^^oljso ^L!i_a 
j^s~VI a « ■ llj . Lul j (_f Jjuj (ji (jSLajj S^jjJLl - I) . ^-tl i_JbtiaJ! d i uiJ 
4_l^>. 4_djj-Laj ^jJlIj d , aaj| , . Atl i d j i mi LjjjSLJI £ya 

j><_^jJj_ujij£_Ll.l I j-^j U ^pJI Actimomycetes CjI " j . .nLa^li^VI 

j j Laj V ijjjjaj 2 1 1 , a 1 1 jJLi L<uyj>. Ljj_uSLJI (_>^a-»J J-Luj • Ljj_uSLJI jljLc 

Ljj_uSLJI Mycoplasmas Laj^LijSLjLI.1 j-2jj SLuojiaJI j_aL>J,l ^gjs] o^j 

4 L$J f]S[ mi V «Ltl_t£j ^j^Lj^jjij-aJI (j-a ' dj * (jj-Aj (l_Aj^j ^ Ij i nj) Cj L_oJj-LtiJ I J 
. Ljl_j^>.| 4_i_flji>JI LjjjSLJI LkJLitlu (_yJ.II Li— Sj^s. (JiLa 'LijJta (JK i"il L_Jj 

4jjLa_i^ 3^La ^J^£- (_g I n , i4jjj/ULI Ldslj^i i_u i n~ Laj^LijSLjU,lj 
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Ijjjjjj^JI £-a 4ja^Lc j j uiJ La J-Aj iSterols CjVjjj-ujj a 1 n" 

3 jiijri-*. LpSLi Bdello Vibrios jj>3 ^IIjJlj o' J-«j-><11 <j-aj . CjLil^-pJIj 
(j-a i3- , I (j_a L^JjJa 1 J j 4_Llj_Us CjLjIjJ ijJLloI I (g 1 a: >■ (j^LIj 

. 4j jL«JI Ljj_uSLlII (jjs I Jj'a La <l 1 a Laj a 3jjjJI (j"n*" • ijjij^Li-U 

Rickettsiae! j 1 h~Xjj.II j-^JJ -lO^' ^t>i^-} cr^ ^ S^jj- pi ' " '^1 ^jk>~ 1 

CjI j n 1 ii-v . (cjLu/j|j_LiI! (j-o L$ji Laaj (j-Ii J^j) Lj^jl^ itl ^Jj-il jJuus] 

aV! ~~» * * 1. 1 ii uJj ^j^^LiX! jjja i2 j se t I ta 9 ' J-Hj-u_a 

(Viruses) uL$j«£ll 

<J>U LgJoJo ^jIjjjj . 3j_a I 00 - I 0 ^a-ij LjjjSLJI (j-a j i ir-il CjLuLdl 0 JL& 

<— a 1 j ( ..L$ Sj-ti.^! ^ i 1 ..II ""LaLt j i^il jlsj . (j^SLJ,! <_^a 02 , 0-j 2 

^| ( 11 i^M js^Lso jjiij .(^LjJI J LaAJI ( _ ;r 3 ^j-uj/ La^ (jlslj-aiU d 1 hj'ij 

Ljj-uSLJl % * ir^ij CjL_oj)j-LiJ1 (j-*- 1 (Jj^Lill J_>J!j ^jl i imVI 3j-La_u_oJ d ♦ <>>L>. 
j-u^ jjx. 3Jj*i 1 n a CjLl^jj-jjIJI Jjljj .^-UsljJ I J ' h'XjJIj ^aJj^Sollju JlLa 

CjVj-jj jJLais^l t _JJLiHi (^palj-aij ( L* ^iejj j-iiiZi! I J J[a-)jJL^) (^palj-ai jj-a 

i3 j ullXI (_£j^>-l (_>*alj_ai <j1-l 3_i£.^L2JI ( _ ;r a^>Jlj t(jl 1 ujVI L&j_j£.J JljJI 
Cj L*_u J)j_ljL1 1 jq^L^jj uj (JJ-i L&j-lC ^jj>.| CjLuL^J liJl a i h^M ^jlalj-alj 

Loj—uSLl! 1 jajaV jjt L^sLs. Lx-ml Q^^^^uj^-lU (jllai Jiaj i I ■ aj? Ljj'i's jtl 

. LjjJ1£LlJI (j^lj-ai Jj'i 1 11 U (j^^)_LflJ! t;r l£. bacteriophage(^L3^jj£LJ!) 
jJjLj-k—I! Ljj j'i'C j 11 jo^V ^ n 1 11 j Ljj ISLjJ I CjLjj/^)_Li (j- 3 p '" a lilLlAj 
(jjj cArH'i J^^J • 'temperate phage . (J JojlJ.1 ^Lsjjj-uSLJI) 
.(^jJjlII j j laJ Lo JL^j>JI (j-a CjjL»j (_^i>- 4lSLc 

JLlil Jjj 1 .1 L^J (jjijJj . 4_l>J1 cjLuLdl 4_aL>. ^^i^ cjL^/jij-LaJl j-2jj 

(^Lj C-l- lT lj jl Q^-ij^LII Cjl_j^j_a j»JL^3 ji (j 11 ii m V L$-i (j^aLi. (_>ijl 

j^-LiJLI (_>^-j1 Jj^-*-^ L-^-ijj J j j *i ^ IjlA jj-* l^j mi ^j^jj^Lll jm 1 t 

Cj LaJLi . . Cj Lu_uj)j-_j_flJ 1 jj-* J-^^ J JjjJLstj Jjj 1 11 ijr 3 4_] Jul] ^ jjl 

(jLa JLcjjj SjL^jII Lj>L>JI c^^l Laoic LLtJl oLuKJI 3JLa. ^ ji L^iSLc 
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jl (j-O Jj>i (jl ' j ' '""jLu/jjJ-LaJI Cll a J I i|-v jjl SJlJJlC oLla 

La JUX. sGjLllI 4jjLajSLII CjLuj_>J! i ! \ \ i ii a i >\ \ i nj CjLu/^j-LflJ! *^*;j . JjlII 

cjLtlll cjLu/jj_j^ o^*-> j' J^ 3 ' jJIj . cj V cj Lu/jj_LiI La . JSLtJI (_g jlkj V 

Sjj I p a 3jLa CjJLs-i lit OjIj .j_j*1"»J,I ( _ ;r 3 L^jljloJj L$*"jaJL]j Lffcj_i£jj /<u JL3 
CjLui^ (jr-^? 0 Cr'l '"' *^"' ' "I r*J ^ J (JjJLSJI (JjsLi LoL^ OjJLcIj 4j>-L>.jJ! j-a 
^i CjIjj I j II ell*" JjlJ j_L^ jjLCll ,_£jjlc Jl*j diljjljtl dJJt j-a 3ijLit 

jl-j-uj I J_U 4-£j "i i i n'q Jl j i .ill I jut ^Ir Sj_JuL^a 4jL>-J JL>- jj V I jlj S ^-H^ 
La_j*3 LaLaj *Lo. Cj Lu/ Jj-J-i! I ) "< + I ' "'"i j^*-> Lai . 4-lLc ja jSLj 4iill el A , aj 
i _ r 5 CjLij^SLlLL^ 1_AJl*_u_uJ uuJ I (j ii i-»JI (jylx. LkjJjLi J ' aj * 



Subviral particles: -lilUj jndll ££d «iidUm* 

cuUjin-v^j-jjLacUj^Jg (l967^Lc JjIjI^) t_jbSL!l Ijuk jIjlcI jJc 

t. i i i n" (jj-Aj i I—ljj-JLj 1*11 a ^1 . ^>-*~ L^Jj oL-ujij-jjiJI j_a La-3&3N (J^l 

(_g jJI-scrapie ij, <_P=J-°J •o'j-f^'j jl i.n 'iVI J^LxjVI ^^alj-ai 

l_^Jj . Cil a j i ii ->JI aJ-&> JiLa 4_j_j_i u j-^L-ucVI w j i a « 1 1 jL^j>JI l-uj aj 

Juu j-\_aLc 3j_a *L*LJI ^jj^Lc Sjjuillj jLjliJI "LajLfLa L^-La 4 mi iti Jl^3 ajl ' a3. 

cL^jLui^ CjI aj i ii-v i_u i ii" ji jSLajJ . (_£_aj"JI j ^ V> 1 1 j-dLajjjil! (_psjjijj| 
4 (12) 

(jlalj-ai j-a Lisj-aj dissiminated sclerosis j uilUI <_Ai alll <_>"3j-a jl i ■uVI 

CjI aj i n->JI OJLA ^1 SjLii/VI ^ui ijilaj ikum JJJ^ a i uj SjL>JI (jJaLUI 

. Jjl^ Ji^>- I j tC l_Sj|JJ<Jl.l (jl CJ^O. Lut 

CjLoISLi 4-La-L*j_a dL*LJI L^jjJi^ CjL^'C j a It 3_aL$]l aSI i a >JI (j-aj 

i , 1 1 se-LaJ I (j_a sLj^j_a CjLljL^ (^-Aj (_Ll3 (j^s (jjI/VI l_Li3jLi^3 JLSj .(_fjj>.| 
(^^a (j"u**i (jy^-II Ljj-uSLJI 4_j_a_Al (j_u^al_>JI J ' aAJI ^£ L_3jjt_u_oj c2 aLjj IaAllj 
4 " i **( "i 1 1 Lj^ j **< ^ ill (j_a 4_aL>. CjLc ^_a_>Jl lLLIj^ (_^jjlj_u_oJ . (jl ^o-»->JI ^ L»_al 
jr^>.^,JLi O-lIj Ja.a-3 J_ijj£:j tcU L1LJJI 

CjUal—Ljjl tiJLuk (ji (Jj .(^yjj/Lu/i (^yjljui j LaJL«j CjLlIII lillj-ij i J-><-II 

i 1 Jij^o-JJ^j— iJ I ^j^L_)aJ*J)j-j (j_a ^L_aLSL*La Uj-^>> (j^ SLj JU3 Ljj jl'N i ILa 

. Ljj-j lTiSLJI ( _ ;r a 4jIjjJI jL^>. (jjs l«j^>- ^ j i ji^ SjLcaJI j-^. diLui^-LflJIj 

L_a_il Sj^oJajJ,! LlLlJI CjLuLCJI d)Laj-a (j_a Ij-jii^ (ji jj • all * (jl LijjJL*La (^y^J 



J5 



^LuiiUlg ObgjVi.nll 



J_Lc 1JU>. ^L_A Cj Lj^j-SLlX 1 p j m-dJ Jj\_lj>. j_u^^SLl1 1 <-_)ji_*_ui (jj 

Cj\-ijjS-x\\ LcJjLlj l. < j i <i\\ L±Uj 0^3 ' < —^3j^^ 4ljLdJ La j_A (Jj^l 

1 3 *** U ua-j tjr lI1 4jJLlI1 ^1j-J^l tjr^- g^J t^aS LaLc VjLu jim Li_i3 

t . Jljlj U_l3 

w I c LgjjjJa 1 I 'J La ' d CjLjj'CjqU S-aL^JI o51 ■ tt JL>.| 

j *C i ii -Sjp-J j_a_JI ^jl-"*" 1 ' "J V Liju^Llo CjJL>.| i_d.ll jii . i_ojSiitl 

(j-o (_^h_j^O.I (j-o i_aVT 4_*_Ua_i (j_o 4_cjj_o c^jj j<u ^lila Lactose ^ n i ..tl 

jja ' . i jj aXil I r i .i II tfj-A ,j-a i_oJl 3jLo J£ (j_a IjLsJj (jla sQj^Lu/ 

CjLijj-SLJi.! tfjut 4-I^t i ii J lag ■ uj . jj^OUl ^1 Jij-" i ill (jlr SjjLaJI i.u n"i'Cj 
J-^>«l VLlLa ^j'-^j**'^*^ . j^H^UI ^1 JL^-**( i nl 5j-iL^9 Sj-jjuJLI 

dJLiI . ^ 1 1 ii i ill jj-* 3 d>^-4-i 1 Lj^j^L-lX! jj-* 3 ^^-^ 

4_lUjlII (jLuaJ^/l jJj • L^^ijj/Li C^jjj^ I jl Q\ \ i ii i i tt (j-a j-j^I JJL3 SjsjLia 
- La j '* ■ (jt ^1 t^*< . ..V 3j_a (j-l 1 1 ii i jtl *jLjj Sj_a ^Jj Sj_a 

^la lj_o.tj . «lj jJI I jufc 2 ajt S " (jlr 42jLs 3jJi^ L^J CjLj^SLlI.1 ,j-a CjV^Lcu 
4^j-flILa 3jj-ia diL^a£ jj-* ^-J^-a ^J-^-^- 1 Lj J^>- l-C^Jlj (JllLa ^Jjj t n ^^ji^-Lul 
,j-a SiLitI O^) W l"i U ^afjJI i."i i njt LgJSLS 4jjj^La Ltl_i£.jjj 

Lj^'i'C jtl (JK i"i I (jLa (Sj J La a SjLa (j^s Jjiitl J^Ll L*Jjj_l jl ^iila ^ jj i ii 'iitX\ 
^ J_lj CjL_j_>JI^ 4j^jJ_a 4jj^ia i_La 3j^_t-£5 ijr 3 J Jloj Ji^ jl LaLa-i j-jjLu 
i—Sjjj/j ijjjuj (_gjLa_iSLtl L^jj^jj q~\ (_gt 4jjjJI (j_aJj Ji^ L$j| Jj 4jj^C CjUjjj 
S_lLi^ SiiLaVl jut 

LSjJaj I j~ >■ It « a t_i ^L_u^/ Ltxj CjL>jij£LlU taj| . s Lloj£ (j-t^ 3-tVjJLt 
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. ' all ^aJI 0 JL& plaint Jj^LLs! _}jL?e_a V i LiL>. 

CjLJLu J-»o L_Lj 1 cLlLwlJ! 4_o- LiJI (j-a (jyltJ CjLkij£LlU I (jl 

l_£a-L><JI (_£jLa_<SLJI Jal uilll (_j-Lc 3jJ)La-4_LaL£ jl 4_o~-Cj Ljjj^Lui LujJlJ 4j^»jLjJI 

Lfljl 1 1 ii ' . ' ** ' cj L-i Si j a II (_gjLijSLI! ^j-uJI . 4JK i~il £j-aj*-i 

I jut (j-a 2 lj La_ji cjLiLSLaVI o jut 1 i i uj . cjLoISLI! (j_a 4c j^j^w^ 

. , ^1 A tl 

-4jjij j»LIij j-Aj cjLijj'C j all « ( _ ;T j>.^Jj T iaJI » pj i u-SliJ I (JjiU! Lijj>.jl juU 

.K-^jl.^^ ^- tJ iz^*- ^JJ^ aAJl CjLj1^_j_>J! i tidj-l, LxXI 4_o*Lj jjja 

ijlILl* (j-S-Ij 2 U " 1 1 4_^>.|_l]Li La!j_iJ! Jjal cjLijij^LjJ.! p j ■ (jL£ (jlj 

^jl (j£La_lJ iCjLi1^_J_>J1 p J I ijr 3 ^ LjldHJl * 1^1 I llVl J-JC tjO"^' C-t-JL-ut 

(JjloLiU (jr^ (j"'J*~ lSj^~ ' d J ' *° a > Lj 1 ' dl * :4ajjil L*-U p j . ,.y.tl p_u (j I 

3 mm » nil ■ ^j^"" oLjl ^jj-JI j! ij\ 3jL=»JI (jlsLUI ^ 4iILjj 3Jjii«II 

<_sl_iL>JI J-C CjJ)jj>3 4jj!j^e-i^> CjLj^a-o~ dJLukj . 3jlj_>JI (j-a (J^?- 0 
4_«-3l_L]l i j . .. ^" tl (j_oj . J_jlj_JI (JJ_lJ1_i £_u«_u 4_ul_a CjLj^a-o~j (jjjLill 
^j^eJJI 4_L£i J-so dJJj) If j i2_ut j-iJI Lgjlj)Lc J<" i .i_i pj i u-Sj CiLjljjTlt 

cdLLtj . U_a Mit- VI j ^^aJLII 4KI j i_jI Mit- VI SJfTI j 

i LjjL^_i jj>.VIj LiLJ ^ * J II JoLJoJ JLaji L^JaLJuJ Sj_i^ jl nf VI J^-Lj 
jl SjijLjJI J j ' a a 1 1 ? LuI-CjLu SJLs. ( _ ;r 3-«LLaL^ (JIaj (jr^JI CjLil^pJI dJLukj 
^J| CjLjl^pJI pj ' J <i i"i_i La ^jjs-VI 4jjjLxII '"'I ij ' nSlJI (j-aj .4jjL>JI 
CjLi_u_o21(JI i>JUjJj . 4jJ)1_A d mix jJ-aj icuijjl jl 4jj-jj i 4_tl_Liii j-lC 
i> JUjJj . iJJ j>. ^JjJI *-UiaJI» p_u_uJal(J1 LaLa_l ^J-ALteIlj ^-^^ LibLlj-a L t - L aj > . 

i3j)L«JI ^jls 4jjjLj A j a it I 4xL»JI Lj^-^Ja^iaJI ( _ ;r 3 «j xlajl '"'I n2Hll 

dJJ j)j 4 j n itsVI jj_a J-^l J J-2-1 J-j-alu La LlILc. Li^. ^1 ^ujj£LlLI ( _ ;r 3 L^jSLIj 
4_aJiajVI J-J-utJ l_3oj-oJj .Oj^S ^Lj-aJI m^Jl-lLSIUI p_u_a2_UI ^Lkaj w ' a JJ ' a ^J-k- 1 
p L ^ f j3 I JU-Llj . I J * i'k nj i Lie jjli ^oJs 4 i i n ilLl 4 j n i»l jii^VI i^Jut 

LujVI ,jl 
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25 d 1 1 11 1 ( _ ;r Lc (_gjHjEj (jjiAJuj (jl ^3-"-° 40 -35 jjJls. 

(j^j-S-H j j ^jLj (jji 45U.I ^ .03 j jrt^r im<V| (jjj 4jLU ^ 

(J Q 36 **( 1 (jt ^jl uiJ 2 1 JJJuLfl (jt^J *(3~H3"^ (J-° J ^ fl 760 J se 1 tbjuua 

CjIj-jjlLU L*_u LuLaJj (JjuLu i ,.Ar.tl 4cj-*_uj 3j!j->J! p j la ***'^ : L&ilc 

4j>-jJ jjLiSLajj jj-CLilSLJI 4-iLlijj ..A~tl 4£,j , . 4J2 ju (jLLiKJ! 4-ala '"' 

4-LlJ! cjla^to-V! j»Lal jujjL^H LxjI cjLu jGJI ^1 jJa! _jJIj . ^ jJ! 4-Us j^jj>. 

aJlJI Cjljj Lai .4_2jl3 43JLi S_lLs.IjJI p 1 ,i->JI tuLlu (oSLa^JLi 3ji>ijV1 
Lo_l3 i3jIj_>J! i—S^to.! Jja-^o (ji^. J-J^t o'^rH*^' (J -3 - l J^' 

tijVL>J! j^jij hj>jj-SLI! j j 1 n^l (jjlii L^ls jIjJj <_yin *l 3^^' 

Liajl ^Ll>>j L^JSUj .<_aLL>JI Sjjjuiu 4-UajsL>JI jl 4_>JLU 4jjjJ! Jji^tlj 

CjLjI j '< 11 1." 1 n I « ~ . ~ 1 -"»" ( _ ;r £ 4_J jG_«_U Sj1j_>J1j s j LaJlj >1 34JI (jJl 

4_jJa_i_>J! IaAJI jjjJjj 4jSI a-L^aiajL-a ( _ ;r 3-Cj Lijj£LJi I j 

IjjjjjjJIj LjjjSLJI J-jji^- (j^Jj i(Jlaim j^>Jl^ 4jJajJ! ^jJa ' uJl (jr^-J 

(jjs j-» a 4iila -^J^*- 0 £ ^^' S ^r!- L " j. ^ w flSLj JlSj . I J j' 1 ^ jjjJj 4_oLa 
i4_i_a^La S^La ^ I r jl 4_lj_lJI jl jijJI jl Sj^cji 4^jJ «.UI 

Cjj^j (ji o'j • ' ^ J-*-^' ^jU" 1 V 4-iLjL>J! I ^ i*C 1 j 

V ^ (j^_u_oJ! ' lilj '"-^ L_sl_i>J1 ^Lo t 'j-i'^tl ^T^". , 4_ajl_2_a ^| , n^. 1 

<_c3ecI ^iej o' peter Sneath i.Sji . jILu jjj^jJ! &l t^*. . ..I jJaj . ^ ; , „ 
Jlj>.j . ^ ^ Kew 4li j_ojt_oj 4la Lea rt 4x-i CjLjLlLi ^ 2 ' 1 n 
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4__j_j>.L_lJ! 1 q 2 * rt ^ * c Cj JU>.j jJsj . (dU!i (J-^ (J " ■! ^ 

,j_o ^Lc 3000 jju 3jji Jj^ 1923 3 i . 4^tla LajiJuc. 3_i^.^Ijj^jSLlII 

C^>\£ q\j JjVI ^1 o^-*^ ' ^Jr!-^-^' ("hA'j^ O' L ^- 3 ^Ir j . 4js}Lc! 

i_aLi>J! Jji^tlj L^jSLIj i Lj] ^<ijj!jj>. ^La cjL-ujij_LaJ! Lai . 3 jjjlc <j-<-Lu/ Lpo 

4_<-3 aa. (_gjJt (JjLcoJ! • La i uj II (j-Uj|jJI (j-a Jj' i>i jJLS ijJLijt (jL^ li! 
L$_il_3 . ~il . ..^ j Atl <-, A-^. . (^L°La I La « 1 1 jljj LojIj CJJLaj Li£) 

CjL^/jjj-LoJI (ji^. <_SjjijJI (JjLu/J (jl ' (j-aj . La_i3 JJ^I ^1 w a jj 

Lt jJal _oJI (^yi (j^j) i(ja-al j-^ ^JJJ Sj i2 a J_Lc sLs-Lla (j£j joJ 3Jo^->J,l 

: 4_J^>. (j-Gj^j-JI (j_a s^j-^" Ji^*J Ijl <Qjl_aj>. (j£La_l L$_La I 1 (jL3 dJJ!i £-aj 

L^jLJu JjjLiilj) JjjlIx-i (jJLuJI i_aL>JI JaLJJ,! ^jls LjjjSLJ! ^j^*; (j"n«~ jula 

Or- 3 tfJ-J J (j-a Ij-jj— a (j-SLJj 4_ex_aJ_o-U Jj£LJi I 4-O.LU! (j-a ,_£jJ_«JI ( _ ;r I^. SjJLS 

^jJLG UK » ( _ ;r 3 J^i-jJ! (ji^. CjLjij£LJi! SjJ^S j-jjjijj 

^_u!j^>- La-L ev ^* LjjUSLJI ^* < . 3_aL»J1 L^jLoj-a ^a-Al ^j_a (_3jj-LaJ1 

Ljj-TlSLiJI q « J La Jiaj il^Loj>JI «La_uj (jjjiSLt! 3JL>. ( _ ;r 3 (Ji.jGj 

. Cj^Lt-saJo^J ! a i tU 1 J i i u t 3_ajLa_a ^1 i u3>.] ^Lul ^ >;r i^ 3j JL^JI ^j_a 1 J)j^j^j»J 1 J 
jjuu OL)Jj£LlI.I (^ic- JJ^J' (jLSLaVI (j! Jj^/I J i^ifitl ^ LlLa^V Skij 
(j-a sLaji»J! Lljj_2j UjKj . ( _ ;r ^.jL>J! J-><JI i_3^Lc ( _ ;r 3 JLus I S JLc 

4laL^ LjjjSLi Ljjt^j idadosporium,Alternaria L^LjpJlj Ajjjj j • "J ^ J 

. LujJI J-?^' 2S iU jjjj 4 | L*j|jjLj Micrococcus (jjL^a£jj£L_La Ajl $A=cua (j^s 
(j_a (jL^ (jlj 1 1 j^>- 5Jj_a^e_a lJr &:j jjLCjj OLj^£_lI.I (jl (Jji1>J,! (j-a (j-u-Jj 
L^J ' ; ' Laj 1 1 jLjJlJ! (j_a CjI a j i n-v (_j-l^. jjLClII dllj JlLa iiJL^ej (jl a j j a 1 1 
4_LaLSLJ! OLj^^SLiilj . i \ lJ £ <LaLtx «L2-J! (_ji^. SjJLSj 4_u-ul_La i "«l a i a 
j mi" i" LajLj^. 3 i "J*ij-ll (jj-a£JI SJLs. (^ (jaSj jl uujVI 3-aL* 

(jiJjjj-jJI g-jLa^i ■ LL*j iCjLjjj£LJ,I ^j-a Freezing j_L«jtl!l Jj-Sjj 
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(jjJaLLU (_gjIL><jj . I i aj] dllj , ,." 4jjjJ! (j! jJjjj njjj>.| Sjjs LgjjLajs. 

. t->'aj ^J-i-^ 1 C^J^?^'-3 (jJI i uJI ' . JaJLlI ^£ Jlaj*jJ! 4-aj! Jl!! 

Sjlj^eJJ 4 J Sc a ijJI—La Ljj j'i'C i tl (j_a j_lTlSL!1 (jl L^J-C ,jjjLiL>JI ' I J 

(J^.! (jj> <LaaJl_a julL <LJLc 3jIj^>- ^Ll>J L^j I .thermophilic 
-55 3jLc (_LaL«J,l ^jls Ljj_uS_JI ajjt Jila j-a-J 3-aj^L!! 3jlj_>J! j-Luj • j a it! 

«Gj1jJ>. «LLa_>»J (jji^. (jL_uJ^M jJ^-l jL>. ^L<3J>. (jj?C_<_u1j ^5^-° ^-J-^ 70 

Cjj_a-lJ I i ii" La (jLcj_<j/ 4j^L«J! CjLuLCJ! (jl (_gi i4jo!La 4j>-jJ 50 -45 jj-U 
j » "j . 3j!j_>JI «L±ix_a Ljj_uSLJI L&J_t£. jaJcj (^jJI Sjlj_r»J! CjLvjJ J_t£. 
4jj! JJJ^?I jLiVIj 3jL>JI j^uLuJI ( _ ;r 3 sUjLjjJa dax^aj 3j!j_>J! 4_LX-a Ljj_uSLJ! 
(j-SLJj . i_sL£ JU>. ^1 a j J a a j a ] IjL&j i3jL>J! 4-j^!jJL>JI CjLLuJIj 3jL>JI 
J_l 3JjCL«_U (J-LLcJ.! 3_jjL«JI 4j>ll! (j-a Ljj_uSLJ! oli-lt Jla Jl>-jj I iU 

3j_j_>J,! (_LjI i ii U (j_a I J_A (JljLa S J_a^5tILl! d_a-j!.J (jJaLU! ^jjs (^yis-J 
JiLa SjLsJI diLLiaJI (jl jjs^oJ! (^ ( _ ;r l«_aj .oLjjj^LlU 4_o-aJa£Lj| 

tlij I'll (_p3jjtH3 (jl (j-SLaj Laa^ejj Jjj-jjJ! ^Ij-jIj ^i}^>i' 4^3JilII 3j^>.| 

•i_£>i"' 3jI (jLi/ L^jLJu i^^j£uX\ 
Yellow £-j-jLu (j^s 42!LiI.I isLILa .Sjlj^til LajL>. ^La-^o (_gjLii j! LpSLJI 

Sj!j^r»J! dJJj JLl^. jjLCjj j » i r-i 2jj i a£ Ljj_uSLi (j^s «LajLa '-. ' ' "lj ) i-iIL<jtj 
(j^a T.D.Brock tiJ^J^J . J .Cj !al * i ..VI (_>ujJ JL^j .j^ljLIjJI ^L^a (^ 

LjpSLJ! ^a Lc^j j! ,3aU;t I dJLt ^ 42j^jJI tijLuLCIl LiLjuI 3j>^L>. 
ojlj^s. 5^>-jj ^cjjj Flexibacterium ^a-jj "i*\ j j i ii^jl'^ ^ n i iu 2 jUj-^tl 
L^jl j Jij^lS 4^jj_ll ji \j u^~-J\ i_J LseJall (_g j i a 5JI Sjlj_>JI Lai . 4jaia 83 J-Lu 
j^JJ (Jj^jj SjIjj>. (J-aJeTt^ 4-i3-i2aJI i_JLaJaJ!j CjLjjJaAll Lai . 75 ^e-i 

■ CjIj uuell A i i ii ilLi 4j>.jJ 40j lj|jajjj-iil A yn ilL 50 jJLu ( -J -*3 60 

lTJ ' "* " ^j'j-^' '^J- 5 CxJaxA I 1 J fl »"' -Sl-Sjl I a K (jjLd! (jl j-ual^I! (j-aj 

p k . n u'-*. CjLi^^SLlII L-u-cl (_L\2j 4jaia 4j>.jJ 80 Sjlj^oJI (j! 

- L_jj_j_j_SL_jJ I (jii_«_i jo_j_j!j_j>- (jl_3 j_L^ j_aj . I j ' " Sjlj se I 1 d j -»J,I 
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^ila^ULl! «ULa . Sjlj^cil !jL>. 4jlILi I f. «j\ * « ^jC-i-r-lngtrirlialj t^*. , „jl<tl 
a * 1 ^q_lj1j-j>. ^J-qjre T u l_Lu LljjJlj JjjljS.} 1 0 iJ3 _3 j-a_>JI (j-^- (^rP^J^ cJ-^ -1 

. jLit-JI ■ La « 1 (j^JaJ! «Lcj ^ 120 3-»-j.5 Jti^. jLi^JI 

^ a-t-Ls I ■ La (jl£Lal (. 1 j 1 nil jjt iCjl_ijj£Liil ^JLtl «LU Ji2jj 

Ju J-tio ' La - 

M v U " J 9 <■ <lr 1 <Jj-iiJ jl^-lJI tfLj-a ^^y^ cL>. w , cut uj a j-jjLj LjJ 

(_)_ifc I w I c j *\ i"i II i_^>- j"i 1 11 j j_a I I J_&j Cj Lj/^j_LaJ I j 4j JjiJI a\-A.\ Ljj-uSLj 

J-$-L= 'J- 56 ^ O"^ SLjclL! ' C^-l^rS -0 r*^^ ' < ^ ' j' a (J^ 

L^jJljij 2 tVal I 4jj< , ,,11 JJUsIl J jJUl J-diejJI JjIjjj/ J S-^ljjJL, 

(J!u3 ijr 3 ^_a_U (jl (2)^-4-1 3j-;U3_>J!j CjLjJ-LajUl ^ ' d ' ^ ' ^ "*■**' rt LjJ-uSLl 

j iJl-iJJ (j * * "' "' LoJ-i^. (Jj-ti' J-jLjS/ Jila (jri>^'j • i *- J i>*J' CjL5j-JI tfJLA 

^_Ltl (j_a 3j_£j_tl J-lJLjJ,! ^jL2j (jyjJI cjl_ijij£Liil »l gUII ^ a . ujj .j_<iitill 
JjiiclII t Laj 3_j jLcVl ^ Jl>.jj U^-^yfcj .halophiles^' 5 ^3^.^iI,| lia^j's . ..II j 
1— ijLvaJI (j-i-JI U>^' J^J-JiJ • c ^ =t ^U fllxall 4-p.ijiaJI CiLt-ajeTJl w 'a j glaj-^Jl 1 I 
L-ilsela ^1 ■ La 1 uj VI (jr^ '1-LaJjjJ,! CjIjj-t ill (jjs j_u^ tfLus ( _ ;r 3 aj t> x \ 1 

. Dunaliella ^LJLjj ^ 0 1 » \ ^JLjJLI 

f |_a pt««« jjf .j^e_jJI Ljj "< jtl OuJLr»JI ^jji jjVI Li£,j^ Jl^J 

Jj l^AU Ltxj ■ La Ljldl d 0 ■ La II ( _ ;r 3 3jlj_>JI j-Jujj iSjjj^JI JjJ-Ju j^e_JI 
psychrosphere SjjLJI 2 axLaJI J^j-jjj (thermosphere3jjlj^>JI 2 ^ ^Utl ^^j) 
^ fljJaJI oJUt J^JJ . j»L»JI (J^La 4j^a CjLvjJ 10 -4 ij^-i-aj lj-><-! I (JiaJ "^p- 
juIUjj) thermocline 3 I i^iLHI 2jj|j_>J| 2 ",1 1 0 , „j jjuL^ 1 a c^>o 

( _paj^l Cjl_La_pe_a JiLajj (d i i nil j ■ aa ^ J j^pajJtJI ■ Laj> (jr^ t -^ > " C?^- ^ ^ 0 c 

( 2 > c M .'^'aj . psychrasphere SjjLJI 2 ^ .Utl ^ 3jU,| 90 ^ ji^l Lijjuj. 

c l^o*" I jl>.Ij t_$^>* ' l^ 1 * ' *a ^t_L) j^t_JI ^5 ^« ■ ga 1 1 JUj-J tiU!i 
L^_il 4-SJa-LLI tfjut ( _ ;r i j »" (j^' v — '^JLJ^r!^' L>^ o'-^l '■^- a ■ \-OJ^> J^-°' 
t_^e_a I j ' « j_uSL!lj Sj^^ji! l_i^a I j 1 La « 1 '$ i^jLflJI (jiij Jl^ L<i^ ^ 'JT"* 
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Jl_Lc 1 U ^'a jjjJj cjLijj^LlI.1 i>jut (j! ^}1£J! Ij-A (_yl«£3 .barophilic Ja « Ltall 

(ji (j n _i !l 1. 11 1 11 tl (jLSj d S j fl a. oljj 1 I I 4_Lja_a Ljj— lTlSLi 

jl_Lc «l>.^I_!l1I p j 3l I j » ■ 1 ^jt-ciLiL-uj J£Li-1^_uj ^_o^^^_u^)^_iX! 

i." 1 i'iLc Lx-ilj ^3-"-° 20 3j!j_>J! c^-jj colj I <1cj_<jij cjj^j L^j^/ dU j 
barophilic JaJi .'^H cLjJ.1 CjLjj^LjII <Lj/Ij.j q) .(ji-a^l LpSLJI <j-a L^jLLj^j 
LL3JLJ3 CjJ_>>j (jl (j^La-i S-jjja sU^sLi. 3j^>.| ^1 cL>-L>. ^jjs (j^e-ij 'J ' I 
. U j 1 1 j^f J 8 ! a J1_>JI j_A L«£ l5>* JaJLJa 1000-500 

-4 i a i a -»" 1 1 Cj!j_lL>J,I t ya.-i La LuSLaj Lx-ilj . 4_c£LjJI (jLo^^t tfJ-A Ji-o 

(jl Zobelljjhjj jl~ t nVl Laj i JlSj 2 « ajj 1 1 ,Uji,:-.tl oj^t Jti^. Sjlj^tU 
^LU (jl—tic cL>.jj J^-* 2 -^ ^jL)"^ c*~^3 ^-^J-^ '^4 J_t£, 3j1j->J1 (J-qj^ r u 

i -ij " 5 j La (Jji^tlj 4jjL«J! cjLjj£LJk! ^yi JjiSJLa jj>.^/I t_uL>J! 

LjpSjJ! i. i If I icljj (jlS-oVI .5Jlus Lj>L>JI ojSj (j! 3iajj_<S/ ^lj-ill (j-a 

I 4j juLVl (^Jl oLijjiLLLI 0jjt> (JiLa cAL uj Lol_4-i fiL^c^-a 1 ^ & Ij 

L-t-L-UiJ 1 1 J_A J . LjjJTtSLlJ 1 L-xic. I ^-4-1 ^-L4-l (J->»-i 1 ^Ll^S J_<l^t£^ djlJJU-iaJ 1 

Jij^>.j L_Aj_4_i ' a ^J**' J 3_j^L«J1 (J-^aIlII LjjIiSLi ^jLj til!!} i(J_iiitlJl ^JJL>. 
<LjJd j_<j^>-- ( J_jLiJ,1 ( i_)L>Jl ^ J ' ^ ^" C) " * ^ J 3j-<j_>J1 Lot , ((j-u^aLi^JI 
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di! jd ^Ljjj^-ii! t_Ji:V 3JjLVJL>. J£ ^^-^^ llLj^Kj; jjVI j 

(_2-A ( uuLSeJSi dJLujj-aSLII ( _^ia_aL>. (J-i^Jtt T u V CjLlJ^SLua JL>o _jt C-t^tJLlI 

j i .i^jj thiobacilli (jj^L^Li^jj (__, n . ^pJ! ojjjSL!! Lj^'i'n j'^ .jjal jJI ^Js «L»lIj 

<j-u ^jljj (j5-*J L ^r!-y>^^' (_>^jsL>- <LxHlo Pyrite Oujj-J! CjLoLs. OjjjSLI! 

jn «i uiJI g-a * \ l A" , ,. tl 4__$U__J1 Jsa_)j jj-* » |j tJa^JI CjLjLlIJI «U_«jjLj La 

Ljj-HSLJ! 0JL$J ( _p3jjLu l_3^j_uj . _j^j_>£LJ1 J_u_u^t ^jj-iLi Ct - ufu ] «djLx-4 4_lLuu 
dJJj (__>£. ' allgeJ I J IS. Ij SjJjuJI «Lu! j (__rJ*J .^jLcoJIj (jjoLcoJI (j-LLiaAJl (^^ 
lLijjj Lgj^J t_JLaJaJ! _j! J-i^. G>J (_LuaAJI I JLA ( _ ;r 3 (_J_l3 (j^ LtLi^jL^j (jH^' 

mesophiles SJjCLkJ.! SjIj^J! 4_i^cjsj thermophiles 2 « a3j t 1 3j!j_>J! 5_i^a 
cLs-j-LaJJ I < i" I j i j i ■■ 33 (jSLxj La^j ipsychrophiles Sj^j_jJ! <Lj_k^j 
^Jl . U ; , a I t L«jjj ihalophiles j loll 4_lsc_o (Jj^Ij 4jjLc oLij|j£LLa 
Sj!j_>JI 3jjjLSI L«j3j ibarophilic JoJI • h 1 1 4jitA ^jjs-Ij Sj^Lc CjLjijiLLa 

^1 1 n^^fl tfj^Jj . iacidophiles SjJsj^jJI cjLjjj^LiII ' j*» Sj^jjjjall 

SJjdnilj 4-Ljja-aJI jjJaLiJ,! CjLiI^o- JlLa .(jl^jj>JI pJLc ( _ ;r 3 3jJal_La ^1 i n^l 
CjLil j_lj>JI '"'I -i j i hSj (jjs dll j J-£^j s *-i^'- a J ^j'j^-^ 5 ^J^' ^rl^J ^J^"^',? 

tijM^T^JI tijLil^pJ! pj i ,i Sit Lx-a j-^l 3_ujjtl pj i ,in"ill I juk JlLj .3_u!jjLll 

CjLjLoJJI *l I ir-iLaJl Sa^-fl 1|-<USI 1 » II sLo-LlI! (_^-CjLij|j£Liil 

(_yj.ll dJ±^ Sjjljdl 4jjJtlII j^j-ILi aJJt jJ^-'j • LjJjlII CjLuLSLII (>j 
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2JLu (ji VI .Pyrites o-jj-lJ! fs^-Llo <j-a 4jj i h"U ^LlUj ojjjSLI! j-jjLIj 

2.LK 

(jl j^pJI j (j'-^V^^j-*^' S-yLp^l Ju&ju U£j . JjVl ,_L>J,t (^adJLi* 

.jnO ill 1 1 cji^ J^C 

CjLijij£Lii! (jjs Lcjj 3j_l«j^3 Acj^x-a thiobacilli oujjSLI! Ljj_uSLi JiLajj 
3 j 1 11^? ,ji-J ^j'j^ Jt!^ , - x ^- 0 '-y'j • chemotrophic 3_j jutlll 2-jjLij£ 

4jJLU! (^jjs-V! cj^LcLaHJIj .q^jj^LI! jm i h^I (_j-iLi d-uTuj ojj-jSL!I cjL^j_a 

((j-ul jj a j L_j_^>.j)jJ ll 4 Li i_o1j 1) *1 a iy—^l >-J)jJ— sVI 5j m-M 

Hydrogenomonas 
(jj^j Lj^_a^j_o Jlj-J-i d La 1 ul^) O-JjU-u ^Jl Lu^_«V1 3j_*_u£l 
Nitrobacter j^S-i^ILu 2 U , „lj CjIj^j ^1 OjjIUil! Sju^i 
(J^^L^Ljj-lj ^ La 1 ^j) lLLjJLjJ->J! ^1 jjJUJL>JI CjLijjI 5 J 1 n^l 

Thiobacillus Ferro-oxidans (jjijI Jj i .1^! 

Methanomonas 

,j_o oj-^c-j thiovulum ^_Lsj_lj 2 La 1 nljj) ojj-iSLI! ^1 JjjjjjSLI! 3 j i n^T 

• ^>^' ^iP^ 1 
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2LL=t-JI 4_jjLa-iSLtl O^LcLiill (jjj IjJlC j! (^jfc 4-u-uL-uVl 3JI 1 ,iU (jL dilj 
(j-C 'I-LjJ-J 4jaLLal! j 'I 1 a 1^ CjL^^SLlU Lfrajiir-" 1 nl (jl (j£La-ij iCjJL><j 
(j-il 1 11 II ^1 CjLlLsjlIIj . A-j^aJao-J I SjLal] ^j^/l tLLjl Jjj i n jm i"itl 
(jc '<<" 1 n1 ^^l 2-ul j-JI 4j j-iiJ! Cj^LcLoj Lai . al^o^JI Jj^-J (*j l~ ' ""' Laj^ 
3JL>. Jy>-J JuiS dll j £-aj • Sj jLj-jaLu La-j^-^^^a (j u a i"ill a a 1 34JI 

( _ ;r &j-Thiobacillus denitrificans j tSLtjj jjjLuj q . "Lia-u (j-uJLs. j'\ 

^jU" , ,," L$j| j-lC a I 34JI ( _ ;r 3 Ojj-jSLII 5 J 1 ii^l (j-a (jliajlj Ojj-jSL!I Ljj-uSLi 
Ja^ejJJ iCjIjIlill CjLiajl till j aLul 3JjHie_a Ojj-jSLII aJ-uS\ al^o^JI ^-sLlC. J_t£. 
(j-U>- I jLc. CjljHill (Ja^tjJ La-Lu lLLujjjSLJI (jiajsLs. Ojj-jSLII 

dJJj£j . .(jajj£L!l J j 1 ii^l (_5-iLi Jlj^o-lj (_Lc Lilll IjLA <j-u ^jljjj 
taj ■ Micrococcus denitrificansj tSLj-aj j-j-jLLo <jj<£a£aj^_La t_jjj£L<_a 

.CjljHill Jljlo-V <jlj>.j|j JjVI LaJLa-" 1 u a sLgjLilLa 4-JLaJtJ (_p3a^-Lll 
(j-a L«_a (_gjLa_LSLII ^LcLfljJIj - j 1 a II (j-a ^1 LjjjSLJI ^Lijoj 

I Laj| La>j^j (jjtjni (^lll-SjaJII Ojj-jSLJI Ljj'i'sij'^ 3_ul jJI 4jjJuJI Jjj-i 

tSaLUs^Ll (jl 4_Laj^jIu OJJ-jSLII ijr ll Ji-UJj-aSLII J i ii^jj-(j^j.sLia]1 ' eaAJl 

ojut 4 j a it? jJLjjj .jjsJjj Qajj£LII Jj 1 n^l (j-iLi Otjlu JI^>.VI ^5 (^-Aj 

aj i<i tl (j-a (_L£ J^>. ^-J jl Jaj_Zu *' J-^l (ja£ (j^ djlajljl 

^ 1 ' u3 j .«LiK «I^JI t_iLii. jjsJj Lj_uSjJI (jl (_gl uXjjjjjSLIIj 

JLjlj (^"j—lj-o La^ ljL>. «UtjLiIo (^r^J ((C ^-*' ^ B ^ ^4^' (Jj^* -4-1 J C?^' 

^LLshj L^_iic.lj iSjjLi jJl-u 4jjJtlII 4jjI!j SjjIjjt^UI vZjLuLCII <jSLIj -(JjJ^ 
jJ^_ujjjLuJ ^L^j^Jj^LLaj thiobacillus q u \ J 1 11L15-U IjLC Lao^ ual\ ^1 

-j JaJI ^oir" 1 n" IjpSLJI ^a SjLjjlc £_aj| liJLijtj .Micrococcus denitrificans 

I J J a. L> Jj^l : (ji>°l (jr^ ' ^ l~*»~ LgiSLIj CjLjLlIII (_Ltfl3 La^ j-a-J! 
(jiajil ( _ ;r L^.-jj>. VI j-a^/lj iCjLjJI 4jJI ^LIjcj V La J-Aj 4jajiaJ(JI jljll 
«! ^Jl Ja^-j (_^a photosynthesis liaJI (JAajJI SJaL^aj jjjJj V L^ji-CjLill 

JjjLAJ * 1 _J^-J I (j^ S^Lc jjsJJI ^jU" 1 .1" (^,4^ 1 U rlT-'n (jl (jLcaJ^I ( -;r Lcj) 
, - \j 1 ^jjjj .>.tl t jjSu (jlj L^jI^ 4joi-a Ljj-uSLJI i? JLA (jaS^JJ . ^ (a j <^ll 
I JLjv sUljLJu (^^3 alj_a^>JI (jl ^JVI Lai . L^-Lu 4jtjLii/ 1 in I 5j 1 a 1 1 (jl Jj 
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Vj Lj^_l1SLjJI (jlr 4jjLijSLII S_ul jJI 4jjJuJI (J^ii- (j-a j-a-JI j i aj fljj 
g-xtaJL CjLj/j|j_LiI! ( _ ;r 3 lj>ajva-a (J-"^ 3-^3 ' J j-i^ JD - ^ ' J CjLjj-taAII J^>-JJ 
(j-SLJj J_Qjj_lSLII a J 1 ii^l g-J^aj ' "_' ^jj-ll " I J ' *- II i_JLa-LaJ! (j-a (JoiaJlj 
cIjLjLuJ^ 4jjL«JI 2/\j.^\\ 4j jJuJ! 4-ul j vZjLoISLI! (j-a-Us <_JLt2aJI i. dr I 

LjjjSLi Lut jj (jl I nlr CjLijij'C j <i II (_gjLijSL!l £j-u-JI (JjLu-i (j-seJ jlj 
4j_Ljt jl J K i"ill w La L> I j 1 la « a LjjjSLJI (j-a ilcj_aj*_a ojl&j . Jjjijjt 
La LaJLcj . J_jJ_>JLl cLj_L*JI tfLllI JL>.jJJ 1 ^ C j flj a 4j_jiLa I— 1^. T 

jLtc^s-^/Ij JJ-se 1 w I c 4_j_LJI JjJL>JI <_ 1 1 nljj LjjjSLlII i. 1 j 1 n* 

d <j ir-i ^1 4jjI jJI jjjUJ->JI CjLjjjI Lj^'i'n jtl aJJt J 1 n^jjj iJLc>JI JjljL>. 

4_ijJuJL] ^ a 1 11 \ (J^LlLJI IjLA (jl Lt-aj (jj llaX I (j^ . dJLi JU Jlj>JI 

(j^SLj jJaj g. ! 2 a j if ! f_j I r J_jJj_II (jl (jVI jJljjj i3_jjl_«_i£LII 

I jl VI j_o_iJI 4 JJ-fi sLlLsjlII jl jl (jiolaje a dUj £-a j^_^^^_u j|j£LJJ 
adsorption jljJLaVI 3JoLj/a_i 2jj jljll <- . . ..Ij^JI g aol 

1 3J j g-mJ «l jjJI <j-a Ljj_u£-l!I (j^-aj di! JlJJ-^jIjjJI jOJtill Jiaj 

^ .jji iLfllll I QStltW £>^l J^J 

j-ilaj V (jy^JI (_)-a-]Vl t ul (j-a Jjlj ^ " cLaJLC j 1 CjL)Jj£LlL1 ( j_oiij (jl 

^ J 1 ""' 2-aL* 4ijjJa ^ J j„' J-a^l I *' j* a liJJ !i ' LjJLk-I t Cjl_ol£JI (j-u LjJ 
jl jjt V ^ n 1 n" (_yJ-II Lj_uSLJI (j^ I n 1 ofl S *-*>J J-i-a Lj^j • Lj^'^jtl 

Ja^l (jic j!) «I^JI ^1 ^Loo LjLlII ol_ol£L!l J^j . ^I^^JI jjJLi u-^ 

4^a- 1 n'tl (_>^uuj .OuLa Vlj ((j^ja- 1 .i^^fl <j-a 4jUI (^ 21 4_l3 J-aLi- jLc. ^1 
(_^Jaju jt La^ I ^Jl jj-i Ij-jO^J Li-aj (j-aAJuJI ^ilaj 1 ^ilLa jjJLlII^ CjLlIII 
(jlr SjjLS jJljj CjIj ui3-JI CjLSjjj 5jl jjg ■ uVI jl JjjJl^ 3_ul J_JI CjLjI ^j-><-II 
^1^, L_uL_ut Jl^iUju Lj-Laj| (j^Ij ■ j jj^ Jl>. (^1 (j-ua- 1 (^y^ ^j^^*^ (J_a_>»j 

a « J J 3j_l«->JI , .."j .£LuljL«JI jljj.1 5 J 1 ii^l ( _ ;r 3 (j^jy 1 ii^^fl ^>l JLa-" 1 nl 

IjjjJJJ^JI liilj 3' ' 1 * ^LoLc el A ■ ajj) LjJjSLill (jjl (j-"JI J^lj- 1 ' 

j^IaJLi dJJ j ij-a^l I J-^J CjLvu^j-LaJI Vj) Lul jjt V j^_u ji (^JL^IaJlj 
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LpSLJI £J UUJ . (JLs- J£ (^i^. I ^Tll _JC <Lll*3jVI 2 U uljVl j^lc JL»j*J L$j^/ 

jtll^-,< ,tK 2._. ,Utl j liXuj 5-ulj-A>UI 

tiit_tjt_) jJLt-a i j^j_u^ ^J| ? 1 jJLII cjLljjj>. j-u_u£JLi Lai :(j-GJLjj»L3 i_£^>-L] Lul ^Jt 

(JjJLj JLj^Jjs (J-°Lc j*l LXir't i nL Lolj (jua- i ii^^fl 4£jl OJ- 5 ^jsLLaJI jjjjj 

(j_« «Lj J_>u (_£ J_JI ^J^tSLJI j-*iitjJ1 ^Jt> j-<iitiLJ LoO VLlua (jl 

Jj ■> *C 1 1 j^JJ (j^£j_L>JI Ljj/Ljj/ ij) d aK All CjLj^'C ( ii (JlrxJ (jy^ i3j_uii»JI 
Sj_j_«_>J! J_4J 4jljLd1! Cj^LcLojJI (j-a d 1 1 ill i ii ( _ ;r Aj .Q^jj£LII J j i n^i (jjLij 

jLLcVl (j_o j-ii^j . ftlj^JI (jil 2L>.L>. jjj jjLClJIj j^uil 3-^LSLII 3JsLkJLi 

iJ3 _LJ JlJ^_H_3 Cjlj—aJtllJI aJJt (Jj-« (jr^- J 1 4 ***-f Ij j M (j-« t — t - a J- > * L)! - ^?"^-^^ 

(jii^Ls-j lactic acid I'ljijltl (jia^L>. JiLa jjI^j ^1 4aLUsVLi (j^j^SJI Ju 1 ..^1 
butyl (jIji^-lJI J^cSLIIj ethyl alcohol (jl/ijVI J>=SLllj succinic 1 <\u 1 n'C , ntl 
1 Ij^jio (jl£ ji «I^JI ^jij-" 1 11 j (jl cjLjjj£LlI.I tfjut i. ilr I ^j^" ' ujj .alcohol 
j j 1 .1^1 (j-jLj (jJI ^j^i-Vl jjIjJJI j jj^^laJI Sj . ,1^? ^ 4JL0JI o jut ^ j 

^^.3 1 U ^ 'a, (jl U" 1 11") (_£>i-l ^LufcJ • U5i>^' 

obligate < -vVl S-j-jIj-A^UI Lj^'i'C , II -.ojut ^ 0 mJJ (jrla: 1 u£VI uLi. 

(jiijuj Facultative 4_jjLlo.VI 4-uljjfc^UI Ljj^SLJI <j_o L^J Ij-^J-^J anaerobes 
-Jjja L»-j3 L&j^j 3. 1 1 " ^^-Clostridium ^jjju^". ..jKII ^ni-v ,jjs CjLjjj£Ljil 
iS-LLtlil iiyUI CjLLlJI j_AJijj di! j ^Ir j . «l ^Jl t-iLxc. (_y£ VI jjs-cj V 
^jtj .^-Llil *I^4JI JfT c,<\fi,n\ ji^ i^>i-Vl cijLijj£Liil liL^ 

. iQJLujij-Jlj ^Lulj Jijjtjj^£LII jl jj.1 (j^s sLsoLJI sQJLujV! t _paLaj>.VIj j^K i ntl 

^ (j^jjij-JI ,j-a- jjjj 

j— t-aTLjj . (cjLLljjij-jJ! ,j_a cjl_Lj_al ^j-tb^) ptomaines cjl-Lj-aj" j II 

Sjlj_>JI 5jsjL2^i Sjj^i I j*» * 1 ' 4 j ir-iL>JI ajjtj j<ujIj^>JI ^LuL LjjLjjlLj/jJSLII 

CjLi^SLlo I 1 aj I tiJLut (jSLIj i4j jui^/l 4cl i ir-i ( _ ;r 3 5j -tlaj. LgLtaJj n_aLi>Jlj 
Jp->j (_,jJI bacteroides CjI Jjjj^SLJL^ j<ijjIjj>. jUu V 4jjLj>.I SjjIjj* V 
3jHj»J,I CjLjI 3J-><JI (j-ls^' SjLail (_gjIL>tj V SjLcj .(jlJI (_y^J 3 ji'liUI sLlaI 
SJLi2JI I CjLLuJI i^J^s-I (jr^J . j-«itlll LjjjSLoj S_tic. LgJcSU >I^JI ^Ir 
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. 4_u^a-&^U1 1j)jajj)j-JI I $Jl£ JL>.^o3 (jl (j£La_l (jr^^ 
-3 J 1 11 ^j-U 4_Lj!j_a^_I! LjjjSLJI (j-a ^lil! p • all Lai 

^ J sc **( i n" (jj-^J • ^1 ifu < u\ LjjUSLJ! (j_a I J ^ Lflllis&jq ^ 1 C (J_ajLl3 

Sjn-u^^f-jj-ua- 1 n^^fl (j_a V Jj-Cj Liajj£L! I jl CjLjjj-jSU! jl CjljIIil! JlLa CjLijjI 
Lj^'i'n jtl (j-a (j^c j-i LlSjL^s JLSj . SJjjita jj,! aJJt 1 euj& |_g j .'-->» 1 1 ? | jJLl! 
Thiobacillus j-lSL^jJLjLljJ (j .1 I 1 ''Lla-i3 I a J (j-a Cj!j_1lLJ 4_Jj\jjJ,l 

I a j Micrococcus denitrificansj_LS_^a ,jj^a^^S_Laj denitrificans 

S_i3ljJI S-jjJLjJI clilji 4jjljjfc}UI oLjjiLLail (jLlajJ.! (j!j_o.^JI (j}lil.l 
(_La_a Cj!j_UJ! ^1 JLa-"i ( ill U", , ,," 4jjL«JI Ljj_uSLJI (jjl j-JjSj • 3-JjLa.iSLJI 
^j.ojJj 1 La OjjIIj ^Jl Laj^c CjljUlII (JjUjsj (j^-Aj t^j n^xlH 4jr ^ (j - ^ ' "^^1 

j-ajjj (j-<j>.j^li!l v— 1 l^j-jj-I I (Jjnicj (_^<-JI Ljj^SLJI (jSLlj 'lt^jlh-^' o^i 

jj^>-^pjJI SjJJ ( _ ;r 3 3-aLi tjr&J i4jo1U (JLvjVlj .si a 1 ntlj CjjjJI ^Ij^l ( -5 -3 

IjpSLJI i. .Ir Ij . denitrifying (j-uj-jjUiLJ 4_lILj/ LjjjSL£ (Jj^" J 1 

tj-1^3- i ii^^/1 ^1 JLa-**i i nl Lciaji 1 L^ji (jj-^.1 •^J^-^*^ (j^>.J_^alJI 4_JLt_oJI 

j! iIjLLjj i& \\ ^Jlir" 1 n"i (^JiJI Ljj-uSLJI (^Ic I 3 LiaJ Vj . LgJ £-ui lil 

j_a_JI ^jU", , .." V !jL>- <LajLi^ sLuljjt V ( _ ;r a La-il-JjV! ^J-ua-aJI Sj_a Jjl 

CjLIjj-jlSLII JjJLjcJj • I j l~ V ij^sr 1 ii^^/l 1 n^^fl jj . a> 

J j 1 ii^l (^Ujj lLLlL>JI (jiajsLs. ^\ 2jj . V.»tl SjLlI J 1 n^jj La_Lu JLujjjSLII 
«Lcj_tj»j (J^Lib J_ujjj£LII (jL^ Lij .4^jj^ sLxjIj jJoj LdJj (^r^J l U5i>^-" 
a J-Aj . I j ~ ui j « a (j^Lal (j-a (j^^a- 1 n^^fl Jjjj Ljj_uSLJI (jLa (j^ja- 1 n^^fl £-a 
(jJLlI 4_L-i_-y-<JI 5_. \l ,^",aVI t _^cLiU (j-a JUJjJI (^3 l-u i ntl ^Jt dji^LjJI 

La^ 1 L$j (jj'G (jll! 2 IjIMI j^Lill u±ui Uiu! U£ Ljj_uSLJI ojut l^jj . n~ 

.£_)L_aJlj (jjjL_aJI (J*LLL^aJI (^y^ (^"j-u-u 

(j-a «(_ 3 -<Iu (_ ;r 3 CjLu^jSLLI 3JjIL>J,l Ljj^SLJI (JjLlLij s *-*>J Li-* l_afljjj 

bSJI I 
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(Desulfovibrio j jj j Bj a 1 1 uj a j-^tj ^_u!jj>. ^ojj Desulfotomaculum 

I j . (<ujIj^- I4I Ol.ljl 

«L>.^iI,Li 4jj JL«J! I jja lLs l"-^" W .'J 'T* ^ . . t-> ^ 1 1 />lj 1 .-ijl A"," olfuJ 

.(_jj^>.i 4_<^>.L (j-o 3jL>J! SjjljjjV! j^uLlJIj 4_o~L (jjs SjjijjJ! SjujuiJIj 

1 1— 1 j -»JL 1 it-iiiMl J_o_xjj (jail CjLjjj^LjII ojufc JoLaji CjJL>-j 

Sjaltl i>LlUj ^LH^'j j'^ 5 ^' 3^ ^ (jr^ LJLi- CjJLso C^jl£ (jlj i(_p=>j^/l 

dJj^o LaJ-Lc <LjLcL2^ Jlc I 1 rt'n oUSmiiU jLc. (4CH4jU ti!) 

i>j_a (_>iuLj Qi^iJ . (Methanobacterium ^jj-p^Lj^jliLui LpLcj^jjajs i_£J->-l 
h_£jjs-VI q^jj£L!I cjL^j-a jjja j_*itl!! cj^icLaj J!>L>. o^t!-''' *-— > L-jtS LSLJ 1 

Jlj.li.Li CjLi^jJL! aJ-it (_L^a Sjix^l ^jljj jJsljJ! ( _ ;r 3 jj>.VI I j Ltsjj (jSUj 
JlLa I jLj>- 3^ *° ' c - ^ O^t!-^' ^ih!-^ 1 J uuJDj . (jLull ^1 CjLajj£LJI 

' d j 1 ill 1 11 (j_o jui/l jjjk Jj iCjLjjjSLLI SJjUiJ,! L^jSLJ! 

La tjjLij . (Sj_>JL! cjLI _oj-><-!I cjI jjla ( _ ;r a 45^1 ^ 4jj! jj* V 

. Laj_u (^jJI ^jjs-V! LpSLJI uLi. j_ujJ.I ^ Ljcjj 6^-°' 
^J_l3 jj^ 3 Ltj^!i i3y " o It 3ju_u£^JJL1 LjIISLlII (^-uj uj i_LaJL>J1 ijr i_Llj 

(^JJ ^Li>] ^pJI LpSLJ! lilt 4jjLijSLII 3jj»*tl iuli oLkij£LlU j>u 

4_i3! Sjjj-JlI 4_La^sj Sjlj^til 4j^tA jjk jjk ^1 I j i J i hSj Jfla 

La^-^j^-i^ ^-uj^*C j nil LJLc. <_ijJLj/^/! tfJUt .4jJj>jJ! 2jj i k j 4jJjuJ! 

joJjfcj LjIlSLij CjLjJ^£j ( JLtli 4jr JI ^>.^a-uJ1 - ..^**.tl ^jjz-Cjj£'^ (jj 3 w n 

(jjiJL>J! CjL^S-lI! jjI (jiaLij LoJLl^. 4j^jL>. tLax^aj IjUk j ' ' "*JJ • !>*■ 

i_JUJI ^yfl j^JJ (j! (jL^j^! jJJLlo oL di! j- VLa. ^ uilm La^-^j mm 11 
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^jL-oj^l ^jl^ ^jlj t^Jj - a aj 4^j-»_a (jj-i La ^-Lj_J Lo*^J^_u^£LlL1 ^Luiot 

J_La (^-3 ^Lj^jSLlU £j jj\ J£ 3jajj <-3>*J ol 3_<JLlU 3_o-LcJ! (jj: Jijj 

3_aL& (jjLLv^Lj 2jlj,^.A*.tt 4ijjtl.| j» . . ^" Lxjjj • Ljj^SLJI ojut 4-<JJ 

JJLu JL9j . ^Lj_a cLusjLuILa c-a-JL_o1 ^A- 1 J^*- 1 L)i (jl i nt^l ( >;r Lc (1)3^-1 La JUX. 

4 Mlj Ml a ^9_0*^£_Uj£LlU L^-d JL^-**( I U 1 CJ Ll_U_a2Hl 1 ^j^-ll (jl «LLfcj (Jj^ 

(jJaLiU cjLjI _a-o. ^^till 3J_a-a JjLLo i_jLJu£.^M 3J£I ^1 ^ilo cjLjI 

( _ ;r bl La£ . t_)LiSL!l I JLA (j-a (jjj-i* I (j^Lal Jijj LaJUX. t_ iLJI ! JUfc OjVLjxajjJ 
. CjLij^SLlU liJ^l 1 n (2)^ 3_al_& 4_t-£5^L>. Jai i u t uu < gaAll IjLA ^clo-l i_Sau-u 

42jLvoJ| 3 mi^LUI ^1 L1L0 La jjt oL^£LuiiI j>L>JI ^gjLa-iSLJ! £j-uJ! 0! 
2;tl ,11 2 aVl i<H" _,jj<j 0 I1 3 Ah-^t I , ..^",11 /.'i J.-^-j ^;MI jjtj 

4_uj^C. SjjLa-p' Cj^LcLflj j»l Jlie_uj/! , .." CjI_K|j£LlU [j] • "j^ Lulj 

ijuj^-lSLI \S 2 , ^ . 1 1 ji Sjjjjtl,! j>IjJ.Lj L-uLui I , "" ch^' cj^LcLillll 

4 mm ''j-ll jJLlI j-i^sLulI! J^e-i £ ^J^ LLaLalutl Li^>-j JU2j . JUJLr»J!j 

^iila Cj^uIu (^^c. ISj i^i j^jj (oJj ,2 al UtU jjjLCJI J>J>J cr^' J ' J^ 1 ' 

j^ja Lj-J-J La^ n_£jSLII I ji^J ( _ ;T J>.jJa T L ; JI > I ■ V.aVI ( _ ;r 3 3 j 1 11L-1/I 2_jJLaX. iJr JL^ 
CjI j I a * tl OJut JlLa Jjil! (j-a Joj_a ( _ ;r Lc. (jJjJ>L9 LcuaJj .JjVI J 1 aAll 

j-ii-LLtJI ^L^LCI! j-L^] LaJLu^ 3JbJ! 3^m.->JI ^1 SjLiV! V! ^1 Ln, 

3JajJI 4^1.01! CjLuLCIIj 4_uJj>ji jJiLi^a (jjs CjLi^jJi! i>Juk (J^ (jjjliii 

Si n i .I U Ljj j-lSLiJ La .(j^Lls^' ^ 1 ** (j"' j*" L^_il i *>^' t -r t ? Jt ^ c^ 5 " 
^lju>J! (jisj^a i-i j i n" ^ylll (j-Aj Mycobacterium leprae f SU-i^-f^-i* 
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UpgJg-ugj^ ml I 



i i "i i ii "i (_fj^>.|j t Lg_iJI cL>.L>. ^fl CjLuL^ CjLijij£LlI! (j-a i-ilLut q] 2jj_iIj 

. (2 V 

(lLLujj'C < 11VI (jiajsLs.) ^ (j1_aLLj3 (jj-* J 1 ^} ^ *JLp> _oJI CjUI m" i iiVIj 
Lg-jJI ^Lj_>«j V (__H-II '(JJ-AjJ! CjLuj-a ( _ ;r 3 c_ljjG (_yJ.II ' "'I 'j Atlj 

<Lj i .I i ILi t_aJajJ Ij) .i_JL»Ja jl '"'Ijj laa ji 2_3jM^«_a L_>_uSLi 2j| ^\ju La-La 
steroides CjI J-jjij j" m (^l ^LLa__ jls LgJU ^ » . 1 1 "a j^j^ j^lc. I jjjj^-AI 
Cj L^j^Ljj^L<_U a « J j hjj_AJlJI ( _ 3 _3 4_J)I jJI i "'I * j "I " j all sL^jLiita (jjkj 
jjLiaj q\ k-g. j La II j-ol j-Sj (jl^QJLi LgjJI ^Ljjo Mycoplasmas 

.(J^LUVI cr^ ^J? (jjJj V-La 3^ (jt^-'W^^ 3 - * 1 1 ''j-* 

( j_ a 2 ij j mj SjLaVI , ,." V ^Lo-VI ijjt I j iSI Ij njjjtjJIj cjLLu^jJIj 

CjLjLiill (^ jjJ jjlj i nils . I gu-jS_>J 3jj£j-tl jll 4 i mm 3j_u^ i ae jjs 

■Si J-Hj J » Ul II (jl-jlj-l^J 2^ ULttJI l_aL> Ir^lVl (j-CLlSLIIj I UL3-JI L-SLJlj 

^ "J ' ^ J a j -l£ i n->JI L^la aL ji J^tp V L$K i L&<pe-ij (Jj^'j JlL><JL£ <l « * i aJ I 

1 j 1 i a j* SjLUs j_lC CjLijj^_La 4jLSo~i (J-a^ej (jl _oj-><JI (jL£ I jl VI j<s^UI) 

2 1 1 uLUI 2^j , v.»tl jljj,| ^-j jj| jjj j^l jJlj . . (^^LjJI J i aAJI (^ (_gj i i .1 Li^ 

(jj j_uSLa .CjLijj^_iil (_5i^- I J-A (ji ) i aJ Vj . La Lcjj SjjJLa^s (jl jJ^»JI >l JjlI 
2_lAjVI (Jisoj l_tA»JI (j< i-rltl S^La jjjjjlj i nil (__,!£. jJuj oLjj taAll 

Sj_L*iJI (j^i ^1 jjI jl Ljj-uSLij jjJ_)-i]j i nil (J1>>j Ljj_uSLi dJLutj . jJL>JIj 

miJ (j^jj-iSLIIj (JjijUjJI (JlLa CjLijjj^jijJLiVlj g-j o Mill LgxaJ? (^^ (_jj>.JU 
d I <i <" i ii tl ^IjJLlj ^?e_aJlj olaxtiVI-^la i 3> I Ljj-uSLlII )j .(JjjILJI 

.(jLj_Lilj (ju>-j|j JLjVI CjljLc LjjjSLJI (j^utJ JLa-"i i n" jaj .(jjJoJI «Lu (^yi 
CjLi^SLlo ^* 1 4_aj>.L^j-(jj-a]l I JLA (J^a I ly>.^ja (jSLi ^oJ (^jdl-(jO_Jj_JI (^ylo^j 
. 2_jj_2jl aj^-uJ| j«j>.L^J CjLuL^ lLILlA (jl dll jl^ C-iJe-t.lI Jj LxjJJ . 2_ljILtl 
Lj j'i'n j tl (jjs CjV!>Lj/ LiLIj dJLLtj (__;ja j ^la " ^ila phenol Jj_LiiJL3 

^jjjjjl '"'I 'I caJ I j j i ti'C" (_;rl^. 3j .sLa (j;jj>. I Lj_>jSLi cilLiaj . 4_lLc 2J j j . j_«_u 

(^^-i-oLi-oi j ) ' a o £ jj-il j i n II ( >;T 1^ j-a-Lll » ^aj i * (j-a£, JL>. jjj I j^l^* j_a_Ll1j 
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1963 ^Lc 3 j AlXI fluoroacetamide Jl_lxI"h , n'\ jjjlrill SjLa c< j j i n 
c^j^ 2 « La I 2 a ,j-o smarden (jjjLjjj/ SjIj J"~»- 2 *» 'I i a a L#j Cj^Jj Laj_t£. 
dJJj j_Laj . t_gj ui J-i-la^ LjLo-' ^JbV" i ujj i^jja j<uj/ SjLU tfjukj .Kant 

SjU! ojut J-Lso SjjjJ! jj_a i— >Li w j>^- 0 J j 1 Q ~" ^ f 1 - 1 u^*^' 

j_L^jJJ (j_o ilaJLfl d I jl 1 ^ L-uij Jjsjalu CjLij^SLlU oJJt <■ -* Ir lj . I g-tle jjaljjl 
jjj! j i oil ji ^JI^-LtdaJ 1 (j_a ^LlLa itqVi^ C*-LaXa1 1 jl (^y^S i2_al_*_aj1 jl^JJ 

Jjjo L#jLa Lg-La 'j-f^ o ~~ i~ joJ (jl Lg-iSDj . I ■ ajl cjj-aj jjjLi^. LgjLa 

(_^al3eaJI ( _ ;r 3 j_£ j i 4-ua-&i 4 j ir->L>JI tfJUjJj . SjLua j_lC CjLjLoj ^1 .5 1 jAI a JUfc 

. 4_uc Lu^J I cjLiLo-JI ^j^* * (j_a 
j_uj LaJ. 4jLa cjLjjj^LJi! Jajiul j_uSLtl j LLuiflU (ji Jl*jj 

• j^s-I jl (jjL^ iS*-^ tJ^-" 0' 2jj , j_a i a \l , aj (ji tio-LJI ctJujtJ 

4^LUs^Li ala-ll I flourinated SjjlrUI i <\C< < n^LJI jl j^s (jl j jUjj 

j!j_o ,j_o J-j-La jj^cj (j-uLII ji c^alj^>J! 3-1j-a cj-^ lt-^' U5i>^-" 

=Ujla L^j! J JjJ-,_£_>i- I 

JaLiiil 4j*_uj (JJLalu jl (JLajj jjs JoLta-U jl j^tj>Jlj 4jLj/j_>JIj L-J-LaJ I J 
S j aj i a 1 1 J I g-Ac ,_JJLiIj V CjUjI£JI oJLA (ji JLu Ljj_uSLjJI 

niill^^j a i nil cJI<j" i n" ^^1 Ljj^SLJI (^1 Lij-«i/l (jl-^LliJI (_,-3j 

(j I C 4_al_C Ljj j " S, j 1 1 Sjji^ (^1 (_fjj>.| Sj-a j j i"i i (jl LULtb-l ^"j i i ■■ (JjJJJ 
' a J a 11 I 4jI JU ^^fl Ljj^i Jl^J .^LaLJI ^IjjJJ 2-ajLiU t-jl i .."^1 
JLlil I j_A j_,-3j t(j^ I i n i j II 4jsjLLa (jlr Lj^jSLJI (_<jjjG (jl i M Wl U", , „l 
(^_b t-J1 la-J ' Ljj-juSLi i_LILlA .3_aLc ^ a < a * ^q_U3^aJ,l ^^L>J (_al^ (jLu 
w i ■ ■■ enzyme ^uj— i| w * c (_gjJ<_>o LaLj^Ls. (jV (j^ I . i j II 
Ij^_uSLjJI o jut Jia Jjj jaJj . (j^ 1 1 ,i nil <_3^l3 1 [_ya Lg-iSLaj penicillinasej _i ij I . ..i; 



(2yu-mlxll 4xjlia 4jjjJLl Ljj_uSLiII Lai .CjI jii mi" i nil (^ c_^,l"alt I j J i a a 
4_j_Ua_j^| I j*. U .^."li i Lajlj jj nl i n iitl jj-u V-JLv J a 

CjLiiaJLj-^LjijVI J i a seJ (ji (jl£_aVI (^^J • l-^J (j-d-mloll i_3^ijl (_f jLojj Cjajej 
' " ' ' J 3 " " J LaJ-uiJI j j al 5 « 1 ' " i a_i£!j CjLijj£Lus (_yl^-( ^J^" 1 ^ (j-a 4^jl mi a 
(jjLstlll oLIjjj^ (jl .4itjJ.I SjjjjJI CjI JLuII j ((j^>Lajj^Vl Jla) (j^fl^LaJI 
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i _ r 3 j-<J-t3 3J^ij-u lill til!!} £-aj i3_oLc *Lo*^U 5_aL_u 3.}Lo 

d ii I" -»J. I 3_jjLa_iSLJI d ta "■ 'VI - I ' * ~~ I ^ijjli j a" 1 11I jj? (_gjjj_2_a 

(_p-a ^jji I 1 c \l , ^ a- ' Sic Ij . L^L^aejJ (jy^JI S-aLJI CjLluJIj CjLi^'sj alt 

(j-o 4 jlj ir^i rn 4_Lu OJ^d o' 0^ J - aJ ^-' (0-^' o\~^-^T Cy *l-ajL2JI tfj-ifc 

L7 ^. iL^LiJI Sjjjic. SjjIjlII ^pJI oLuLCJI ^ S^a-pJ! ^LuijSJ! 

CjLoLCJ! JSLs dilj £-aj . Cj Ll Jj£LlI. I i_l!_aL-u qjs £_J-uJ! I j-* t_pe-«J! (_£J-a 

S_jjL«_lSLI! e-i-JLj/VLa . 3_ja_o. j^ijSLI! I ,", .i cuLilu sLlUsjVI £ Ll>JI 

(JjIjJoj njjjkjjlj 4^!j J_ufca-ij£LJ! jljllj CjLLujijjJ! j»JL^jj L$j (_^-i-JJ (jt^' 
5 al U tl Lgj 1 11" (jlII <_tjJL-uV! ^^Io-J ioLlUjlI! aJJt ^ joSLalll 

dJJj JUlij . 3_jjLa_iSLJI I j"^ J ' <-. ' If 1 (_y£ 4^jl uu a L$l^ i Lgjjjitj 
(^^ILj J-jLc L^J QaSLj "ii-o. SjLkJL^ LuLv Cj Lj/ jj_LaJ I <j-^jLj) CjLkij£LlU 
w I C L#3jjJs (jr-A CjLijj'Cj n 1 1 Sj-uiil CjI <i i nil (jl . (j^aV! OJLA L^la Vjj 

Jal uijJI J-*- 1 (j - " 1 ' ' 1 * ^ LdJjl^j n_gJLii2j (j^ajl 

L yauJx_i Lo^lS ■ La (_>ujJ i_JL«JI ^ tiJjJLJ V JjL* jjjLj *Lo-Vl tfj^J q\£ 
(_gj ui J t l (j ii i > Jl Jjj>._jj (jr-i"i -^e-j La-J-3 I 1^1 J I Lajjj 'l-*^ 

-t_jLiSLI! ! jut <UjLilj La jjkj-Lji«JI v^LoLd! j tjLvuj'^! (^Lc Laj_utj S^ljj La! 

<b 'I i ^"aVI I j^j'jj.'Jj^j -i n 2 j \l , ViaVI L^a. jj ^-uj£Ltll B^m n"i'a. 
Lt>.^IjjpSLJIj ^ -lC I * ■ al\ L^^Ja-u jj£Lil I j 3_aL«J! tLse-i.aJl j» ^Lc ( _ ;r 3 sLaj^alj 
(jjjjljj,! 4_<j,|jj_LI I n I r Ci i ii j 1 L^jl ,j-a j<sX.jJLi 1 \jj>. jaLtj 3_j^.|jjj| 
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Llj>. jJj_lSL1I I ( _ ;r 3 «jjjJI 4-jLc ( _ ;r 3 I i 1 11 tj Cuss j II jaltl! ( _ ;r 3 (jj J-j^-j-A^o^l 
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| j I <|~-»- VI ifjjl i ntlj CjL«Jll>J,l (jlr 3-aLtJ! 

Li. oVLx 

Lljv jJj_LSLlI I r*Al LjJ LcaJ I £u < a VI 

(jlj i Laic (j^ijJ i—JaJLa L-JaJI (^yi iSjj^s Lkjii^ij 
j j'a .doctors SjjL^jJI ( _ ;r Lc (jltaj L£ 

CjVL>JI {j-a JU>.lj ( t_}L>. w 1 C ^ U tl 4_dJHjt_a 

JaLx-ii (^-i 1 JlJj-S-^ojJI (jr^-'tJl) ^° * ^^ri -1 

( _ ;r i I j i iiLiui Lai i^i "^1 (jl iix_i^>. (j-o Llj>. jJSill I 

JLS >LiLa S-LJLjLiIaJ! jl Sjj-pJI >LuijSL!I olj_uie-a 
£_j-jLj/I tjj i a c ( _ ;r 3 <_ctaJI 3Jj!j_o I S-ulaj 

^_o_Ls ^ t £ 1 (j If ^ I £ LlLs 1 L^ s ! ^_*-u jjlajj. ! L>. 
(jjjLi^ej-joX. jj (j^e-ij .(JjjLlI! 2-oLc f \ (j' J^^ 1 -" O"^ 



55 



(jLuiUlg Olj9j.V1.nll 



JlS Lul JljU 1 1 j AjAV. jl 3 j 1 <ijJ. I 3JL=»JI tfjuk ^!>Lc. ^1 Lbsj-^Lajl 

^\ (jjjSLOLJ! <lfLu jf ^ 4_ujSLI! 1 "'I 1 ajl *tl 4jj/!jJlj j-oVl I «~J LsJiJlC ■ la fljej ) 

O-aJlSj jJia t^-iIaJl <JliJtt- u U ( _^a_t-£a_>JL 1 ^ j-i n r T 1 »La- i nil ijr 3 till!} ^ 1 se j 1 La^ 
4-L*a\-ic-ij j_Li.VI (jj_SJI ' a-caJ ( _ ;r 3 lj^>- Lij!L>. LoJLaj Ljjj-^J^ujij^LlII 
(jl w * J ' laj (jlalj—oV! c_JLcl i. 1 j 1 11" CjLkij£LlU (jL> lillj i tLulaJ I L#j-iI 
4_Lo_g_a 3_JL>. 4-LilaJ! j-^c L^ jj^-u j^j^-lI ! i-iljJ JL3 \jJt (jjljjJI ^Ijjul 
(jL£ lilj .i_jLl£L!l ,j_a 2 ^ tl Jj ^ ■» , ajj Li£ iLa J^. ^1 

1*~ i"'U ja^J^^Loj JLlc-UI J3. l-jl Liaje iVI 1 JlS (j-ala«.ll Q^j^^J^ujj^LJi! 
aLj 1 uVI LjjI 1 aj| ( _ ;r «-*J (jl ^ » j m V =LajJL>JI (jLa i4-ixlaj| (-;r ^-l ^-LJLj 

(_p3 (^palj—a^l )) »Lq-Lc jj- 0 o^^^-al J-iiJI » - ^Lc 4j>.^j-^LtU 4-OJ19 (_£J-1I p 3e Leal I 

' a ' tfLulaJl Ll>.^^_uj^£LjJ. Li j«Jj (ji (J_i-ajill IjLA (J-«Lj Lu_aJj 
( _ ;r Lcj iCjLllIIj (jl _j-l>JIj jjLtuJ^I ( _ ;r 3 (_p3jJil <_ 1 j 1 n"l CjLj^S-lI! (jl . AjJelaxti 

l. . j 1 .1" (jH-JI ^- 1 Ljjij^LlI. I 3_»jL3 ,j£. t_jLjSL!l I jut j_lc. (^ i.St m (jl ^jLill 

n U II 3 ir-i 1,1 £-j*.lj_U ^ c^^t-i-j (jl 4-ik: '. ^Ij-aVl £j^j| 

4_L_j_t_a (_p3lj_al CjVLs. LlA i ' " .sLcljj-Ilj |_gj Ia-i-jJ I L-claJ Ij 

^bSJI I 

jl I j aj "j LtjLiilLiI S-tflj^j ^Li^jI Cjlj^SLiil (jlalj-al CjjJLs- (^yi 1. m 1 11 tl 
(j"i 1 tl (jH^^ Cj Li jij^LlL l_3 .(JLjlS j-lC 4_iSLlj i A 1^". 1 1 ^j^J ^lajj^l (jl 

jajLoj Vjl L^sLj LLui ^Ji2j (JjLaJil ( _ ;r a .*i_sjJIj *IjJLILi Ltjij^jj ( _ ;r a 

3_IL>. (^jJI (jy^J-J tiJ-Ij-i (j_u_aL>JI ' a all (Jj-u_u La^ » ) CjLLlaLLjjLi 

jJL>JI ^Ic: (_)ijJLj ^pJI LpSLJI (jl ,jji j«i:jJLij (3jtiJll JjLu) JaLClII 

LaIjLc! C^jK Ijj-LifLill j! J_L>JI ^ A U i_ , j , ,1* (j| (j^L^J «LuaVlj jaiJI 
V sLoLc ^ ixaj 4-j-Li-aJaJI CjI_ijj£LlII OJLA (jLa-3jjLc j-;LC Oja 1 aj Oj-iAg 

Loj_lc La ^Aj L^J (jj^j o' J- a -' ie i ij^ •tSiLloyi (ji^. l$I L^1jL«J i_ < < . .1" 
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(jl (jj.5 i ii i Jol^a II L-^iLc ( _ ;r 3 (j-d^ LgljLc £_a StLoSLi <Lugflla.ll 

L-u-l-LiaJ (^jJI J SjLiiaJI j-lC. 4j^L«JI oL)jj£L<ll 3JL>. dJJjj i ljL^.1 i^ijj 
J I (J-jLc d I j j i ii i_K|j£LlU (JjIiJ Lajlic (_p3jJil CjJLxjj . 4_l>JI CjLuLdl 

(jl ^J^" i liDj 4_iSL!j i LaLi 4jta 'Lflj^j (jj^J ^ c LLa (_y£ 

iJjLkJI JlJ^. 4jj_pJI ^-LajJI cjLlL^c dijiirmil isjo- I jlj .^^cjluj 

(jl LkjJsIj (jVI JJljjJ .Cjj^j JLSj (_JjL«J1 (_p=j-a <-"il uiJ& ji o£Lg-ii I jLa 
3 J U ", 1 1 2 j 1 1 (j^sj .diljd -• j jlc fjlxila SAjLc J" Sj (_gjJI w L AUtl 

(j^sLiJ! J j 5 i a 1 1 ^«JL«JI w I c ( _ 3 _Ui2j cjjI! (jLa JjLkJ! cjjju Lajuc 

■ ' t.l 5j j i a 1 I w I C I j ^j^"' (<u .-<! jljAtstt (j| JLso dJJj • I 1 eajl 

(J ^1 oLkakll Lai <JjS U j£j US UJj lmmiI Vjt MJS LiJj ...,,,„" 
LjLljvI (jj-SLj JLSj Sj-Lia-j. w j '■» L$jIjj£! (J^J 4_uj/l_La Sjjj^s ( -J lc 1 

(JjLc j-oJj <ULialaJI CjIj^SLjI! (j£, cL«j>.Li (_palj_aVI OuL^ lilj 

Sjjj^j.j^i^-Jjvjj (ji (j^al! ,j^3 Lg-Lu/Lu V Jj <LLa S J^>. ^ jl 

(_gjdlj Bartodella Pertusis ^.m . 'i^j-^ ^LjJijjjLj ^ n i ..U t-ijij^LiILa -Sj_u^ 

dJJjl£j i»La- ir^i^l li If ? JUc (jlx^' (j^-*- 1 ct^"^' JU i ntl <■ i 1 1 n_i 

(JLjJI cjLjL^III i_u i n" (^^Jl Streptococcus ^1 3 j . ..ilLi (jl uJI 

c-ijJLjiI jjs (jjljjjl CjVLs. (jjs 3JL>. (^ (j"n*~ SjLc I gj| j j lajj .(j^jj^illj 

. ' j (jJI ^Lljtj V jjl jZJ\ I juk (^i^. s.LliVI (jf jjujj i3_lcL9 jJI JjLoJI 

(JjLjlII (Jl ^>-l ' aliiej LaJLt^, ( j^,^X\ jq_AJ_i • cU_uAj (JjLjlJI w )j 

j<S-J Sl_j_>JI j_l^Ij_i (_ ;r 3 (_p3jJLl IjL^J (JLiliVI ■ 'I < -»j (jl i_3jJLII (j-aj ■ La fl^ 
Ij^*. Llut ^jJlb 3_,L^5^U ^jlsjJtj (j^SLj ji (jj Liaa eja 
-(_JjJij(JLi S-jL^jI I Jii^-p 1 n->JI (jL> dJJ j . a ij j a j -u: (_£j JjlII cli-ire-i 

Laf .<Gl_o. 3_l3j ^LsjJI (^Jl ^(jij ettjjsij LajlUs ^LajJI JjLij/j Lut jJs (jL^ 

. Jj_i Lo-l3 I J *'' 1 dJ& 'LtC-LsjJI jJjL^ojJI i_LL1j 4-ufcLa ^jx. 

(_)| j*. IVI 1. , j , ,1" (_ ;r i!l-Pneumococcus ^jjiSj^j-ajjj Jj-^- o^-*- 1 
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Jj^ L>Lo.i <1>^-*? '^>U 2j ■ ..Ar.tl ^-^^Lu-u^LS-tl l£jjjJI 

<_ . s i n" ( _ y l!l Mycobacterium tuberculosi j j mjJ j-i^j-i^-u ^jjpSLijSLus 

4 0 ( nl a J Jj'i i>> * )J)j-£Lj_a JlJ_>JI w 1 C i La SjLcj . (J_*_oJ1 

Lj_uSLi (j-Aj .Micrococcus pyogenes Var.albus q j tl-j-Lia. ^-u q .."C^jj^-lo 
- lj a , ^.11 L^jjLal ^. I-. <U'\ £_a-|_£lu J->«j La !j_u^j . Jj^LLi^M SjLUs 
J_ol_ojJ!j j-sJI <_u i n" q \ (jSLxj ^^III Micrococcus pyogenes Var.aureus 

£^>.j-J (jl (J-aHjtJiJ . I "j^^" J-*VI I JLA (J-ojJ La j-aVj . J-o/l 4_lJLL>. CjVL>.j 

(jisjjijili '. (_fjj-«JI 1. 1 1 1 .i_t (_g jJI t_j^j£Lii! V JjLkJI ^l 

Cjjtjoj 2j Lj, * - — ■ T 1 r tj A . ^tt CjV^LjjJI 0JL$-> JjtU 4j^jjlI! JjJlIIj jjljIJ! 
4jLii!lj Lj U-qJI (j-a 4jL^iII j_u j<u ii_jL$IL!VIj j-alaJI (j-a L&juljj>- 

.42jtljJ,l s Lul w ui alj jlUJ! t_jL^lI! £j-<JI jLi tiili '. 

jO-C.jJ! (_5-Lc liJJjj CjLjjj£LlII (j-a LaLa-l SjjljUa 'Liu «L«-aVI J->uj 
Vj i3-aL«JI oljUJI 2altV,j^l.Utl JjljG SLuJijJI JjL^oJI (jjs 

jj_a (jJI jj_a (j-x LjJ^. j Mil m LpSLJI tfjut ji ^ ^LJ^ VI dLij 

CjLijjj-SLuU J_Us 3_cLla LLal i oa. I ^ ut n liUi (^rLcj . Cj L«jij->J, I J Cj^jLkJ! 
JlL ^1 ,^>.m! j a i -tl Lai . (_yj.au (j^aljj Lt-Lqjv Lu*-ij i4-lL>J,I sL^aJtll 

jlS^ ^J/VI SJAlII ^LjVl JMi. cul j_jJI j ^LlLJI iUj,„,ll ojL^JI j 'j-^l 

I j mijj j uJl LjjIlSL) (j\ jj 1 j se 1 (^-^J 3jL>.1j fiLo^j Jjlj jjjj^l i ntl L^Lc d uJl 
j ajuj 3j_aLSJIj Lajjj (jji-jjLi ^ 3ji^>.jI! Escherichia Coli iS^3^ 

( _ ;r j5 £La_cj_a 3_jj_,_a Ljj-lSLl ^-liaJLl tiJLLitJ . ^LlLa (jJ_Lt (Jl a i"i \ i~i n'^ 

,y> j jjjLuIjLJI j a^a-pJl j jL^-JJ! 1. 1 j i .M (jlJI dJLt ; 3_l>.jL>J! j^LJI 

I ^ I a ^y-i\jLi 4j_4J(J.I (jlslj.a^/l (ji j£jll ,j-a (jjSLj jl£u (jSLIj ilj-JjSLII 

^1 J-^J-j '■. VI ij^- tjri^ i^bjLua 4-uJaj_a CjLlJj£L^a Lgqj-uU V j^^l i u U 
V ^LjLc SLjtS CjJL>.j L^lj '4jJ->J,I 4j-uJI ( _ ;r 3 SjLus J-£C 4jjLc CjLij|j£LLa 
-*Lc^VI JL^a ^1 iJ^>J 

JL^jJLn.I (j-* J—Jr-}^ 1 (jr^! (J^ -1 Lhl>^ Lt-u-<i-U 1 ^ j i ) l_Luj)j eLlLLA C-J-^J 
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4j_^«J.I la .'-.VI i_djj «.Lul (j^-ii^la njLSLaV! Sj j < i o CjLcjjcj VI 

<L_lj>. l_Ll1 jj-* i _ r _L»_ij .j-_*_u_jj 4_i_}Li <lcl_La 1 * (jy^>- '^Lajji^^X' ^-j-C 

j-Il^I ^.jLIj Cj_3^ uJl 4_lL>JJ d qJtlaVI jj-* Cm mi La (JjLuJ (jl ^L)i d * < taJ 

. Li 1 * taj tjr 3 «Ljl3 jjj 5j_jia3> 

(jj jJ! ;Lu3^l 4_l jJJlJ I j ' a « J jjl I < <i\c JL3J . SjLja J-^ lJ_S^ LajLLc 

(_gjl_a» 3JL>.j .^«IL>J,! (jj-^Jd * j j ta.a«J I (j^i-JLi <icl_LU i—iLxj^sl (j-o ^jJLkJ! 
C-uL£ JlSj tiJjjj^jj ( _ ;r 3 4_ukLU C^jL£ oJLflij t <_JaJ I ^jjLj ( _ ;r 3 Gj j ^ i"i <c JijjLuJ! 

C_cjL^ La— Llj tCil— Ljj until 4jr 5 J/*-^^)-*^ (j-* dhi>^-^ 1jJU-£a_a 
4_iiL_JI I g", ', j a ^1 3a_uJI (_^J^- _liSa i JqjLlIII Jlx^s ^ * i aje a I j . ..A ■ 

L^jLj L_3ljH£.V1 ' , i LgaBj (^J^* i^>--iL3 Ijlj-Usl d Mind 5jl ♦**( i n a »Lq-ml C_tj>o 

42jtj-aj JuaVl <LaL> 4-lUx. L^-cSLIj . 3_) I '"'I 'I L^aJlLj 4jl »" i iiVLl Jj-Lil'JI 

. LoLx-i ( _ ;r 3L«ji ^ maj (j^ 15 ^ 'jJLtaJ! ^ j i ii (_JjJL«J! (_LaLs- i-Li3 L^J i_ij>.jj V 

.^^pajJJ cjLcj^" i n a ^jt jjiaju ^_y3 ^j^SLj-^jL-ujV! V-cjLiI ^_j_>J1 (j\ 

4j>.j_*jI! ^yjuJ! i. ii i nj (_g jJ!-Brucella abortus Luj/jjj t_i^SLui3 

Pasturella (_gjJjjVjj ^Ljjj" . ..Li t-i^SLjLaj i3_ui/UI i— u i "j-pl i n'tVI 
^^-LlxjjVjj g i iu tlllaJI jujlJu «USLIj jjlj i_yojX <■ " i M U jjkj-tularense 

5j * *J (Luj^j2_jJL£ ijr 3 i _ ;r UDj^1 » lLa- i i nTI Jil-a) (_p 3 jl 3-aJ1 ^j^* 1 ijr 3 3^-* 

-(4_j£.^Lii]l ( _ ;r «^J!) jaiJIj j»JLiII (jlajjs (jl Lj^ . jlj-aJI <_>^^- c ^ c Tp- 1 (jLuuVI ^1 
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4jLj j £jJ SIsL^jj q\ 1 n't^l ^1 J^Iij jjfcj 1 Trypanosoma Lajj^jLjjj ^ a 1 n_t 
(^j(jjjjj_jJI) (^j^/l jjlj-j-^J! j-Aj ^jjJij-aj^LJ! Lai iTse Tse ^ ml ^ 1 n"i 
^^Jajj-a jj_a J 2j * * cUl ^oj-JI LaLa_i l_3jjjlL1 jj_a ^ i I JUzB-Ljj^LU outJ (_£J-J1 
Lualj-al tillj^ (J-d-Ll t _ > pa^« itl (jl LuJl>. Jl>.j La^ j^pa ^Jt_J1 4_LsLt_uo-l ijr ll 

Salmonellosis (j-ujjllj'tall 1 nil j^jj . jjjJ! (.^-a^- <j-a Lcl^jlj 2j . "JLH^ 

tjl 1 .1 iVI (jl ( _ ;r lJ!j 3_jj>jjLuJ! 4j^jtl! ^jJijlII LaLc I a 1 ul 

- La ■ d j miLLI ^jJjlII ^O^**' i u a J IjLA jj_a L^J-* N J^-"^J^ 

4_uH/ U, 1 ells L_u 1 JZLbj i l_J Lo- 1 

.4_La Laj J ir-i a (j-SLaf J^uljLJLi 3 <j nm jjjf jjjj 

. Ij^>- (JjS i<i jJajJ! JLalo-l (jl jJal^aJlj 

4jr jJ! CjLjjij^LlLI (J_a_=»o (j 1- l_Aj-u^j Lfcj-jju-a (j1jjLiJL^-(_^3j^ajilJ (j£La_ij 
(jtj -LaJI <j1_] JoLljjV! ^1 l_a^ 1 1 j I S ~ (j|j 3_j^_kJ.1 4j JjlLI CjVj_cJ! i. i j i n" 

(Pasturella pestis q «~ , <i \ ^Ljjj" . ..Li t_ijj£Lus <Uj-i nj i^j-JI) t;r LajJ! Q^cLLJIj 

p jt^.ll (jj<- 1 taJ| (j_a 1665 j»Lc (jJ_cJ OuLc JLSj .SjiejjLj 3J1 1 .1 a (j"i?l jjt 
^^.3 ^^JLajJ! (ja_cLLaJI p_<_ul j-Aj Jauj/^M CjaALj LffjK ( 11 i. ilr I jAjLo. c_<£Lij 
Ring-a-Ring o- q** . Jl AUVl <Lticj (j! ^ >. . ■ 1 1 j^Ujj U , „jtl jj . ^.11 
i_il Mir ^fl ,j-a 4^L (jl j« uill ' ; i-taJI (j-a Sj^Ia 1 u? (jlr (_gj La S-roseS 

fil^tjlj (j_a !il La cLSjj-Laj (j^.LLaJ1 4jLt-£sl (j_a ^_aj>o jL&j^Mj SjJajtXI 

,jLCa ^ Jaia (j^LkJI J-«»o (j! j^AJ! o 1 j^l^lj JLtiJIj o^il 

(jlajj.! (_L3Jj jl iSj_<i/LiII 4jJiJtJi.l (_Lal ^J(JI ijr ^ Lai . j^i-l (^Jl 

( _ ;r LajJI (j^LLaJ! Jlj Laj . jjLcujVI ^1 ^JJUlJLl S.I , — . t 1 (_psjl jill qJ* 
j! JLci (jLil-i^l-LLia 4 1 j t nl (^JaLLa ^j^ju \j uu i a ^ ^jJI 

J>L>. (»LlU^ mj^*- <_t^ 2LILaw 2000 ,jjs jii^l i-^l t~<r&\ pj jlS^ -(-jLjSLII I jut 

ilsLa JiSj Q^LLaJI Lgqje-i^aj i_!j|j_>J!j . 1965 j»Lc (jjs ^j^/l 4~ mil jj j ui II 

^bl jia^VI *Lu! jO^II oLjVj^joJ ^ 1947 ^Lc (jL^! 57000 (j^LkJL 

,_^tj JUtJl CjLcJij" i ii a Jila-l (^jJlkJI ^LaLvj Cjlj_<it>Jlj CjLjI 3J-><JI C^jL^ I jlj 
(J> lc. L-itj j i .1 n" (jSLaj V ^jjs-VI ^Ij-a^l ,jjs bjLC (jLa iSjJJ^ O^P"' Cr^ 
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(_gjL«J! JljJL^ 4_uj/Jj_LflJ! (jlslj-aVlj 4-lLj/LlUI (_pa!j_a^/! (j! J J-JJJ I J-fl> 

j^j?E_ij . i ii a jt ^_ua!j <J-i-al L$-J (j-u^J-J Ij-^oJLoj^Mj ^Jl aLaVI ^JJLluj 

* " (8) 

* )J)j£Lj_a 4-u-ulJ ^ 1 < nljj j^paj-a ^_Aj-^j»AjJI j^Iaj-a ^jLl \1 2j£ 0?"^ d - * 1 "*- 1 

LflOjJL (jL£ (jr^' 4-Ltfl-uJI SjLjj (_^a- (^J-i-^J I j^e-J! ( _ ;r a jj_>JI (jK < ii 

j i a!i " (jl (_P=>ll I j-A JLalj! SJLjJa dUujjj . 1 769 ^Lc Cook i_dj£ (>ul£LII 

joJLkJI (j-a «:j^>J! dU j (^yi Lkjj_<j/ (_p3jJll jjJa JLSj . (j-mJL>JI (Jl ■ ajal (ji^. 

' ' aj^aJl <J^la-. 4_i (jjjl * a * ( _^-aL*_*Iol 4_LaL_u^j \j u"t i a I t a )l (^l^jJ!) (_£_}L*J! 
tjj 2 a * I jjjjJ! t^ysiVzr mi^Ls . 4_t-aL>. CjLLu ijr 3 Lal_a_i JjlI! ^ mi^Lu jj^-a-ij 
• a 3 j Ii * La LJLc. j^jj^J! ' _i La S 1 1 i.~ . se j 1 1 1 " ) I La sc a ^jjs (j^^c jl LaLc 

Tristan Ljjj^lj tjl" 1 ..jjJj 3jjj^>- jK . c^jjI j^j .4K ^*1>J.I Jj-ill 
i5_jjJ_i^aJI oLilj La .'^Vlj -LJ-^" ^X)-^ SJa^^tia 5_lLiLS ("i^JjJ (jida Cunha 
(jl^jjJI Jal iVt jLjjj! 1. 1 1 .1; 1961 j»Lc Luliajjj ^1 p jll 21j| Jjlj diljj 
p j j j cj 1 cLt-SJa-UI v_iL_^u^/l Jl>.1 CloLS^ 5_JdL2JI p gHala * a 

, Uj LiiaJ Ij 1 beat musicc^uJI w ■ "j ^ dl! j ^1 La Lca^a ip^jjjj^j. ^1 Sji^jiJI 

.Ll t -« C L j tt-a ijr a 

pa.jj_a ^,. C iJe.a l^'ij^ (_;^J! 4jJ-«Jl! oLjjj^LjJII CjLc^j" i u a jjl 
^iLaj 1 *J . 4_u_uJ^_LaJ1 j^palj-a^/l ^jl i n )VI JjLuj LaJLt^, l_i>. 4_fl_tit_a 
( _ ;r lJ! 4_cl_m J^Loj 4JaL-u^j ^ilLa (Jjjjj_l3 (_j-Lc i— Sjjuj (jl 

LaLc jjO^LiiJI (J^L>. I j 1 -v j j I" Jl^j i L^j I j M lr-l I (jj jJI 1 ii-v I I ' . * 
> La j 1 Jl 4>^^ t^- 1 ^J^J-^ 4_u_oAjj Ltalj-at t. i 1 1 tij CjL-u^j-loJ! ^jt 4_j_LaLL1 
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L^jl jJ-jj iSj^~ ' ''-"'jLh^ 3 '^"J cjL-uj(_)_Lii]! tfj-A jLi£.-dU jd 

2_uJLiJI t-j^lS ^ylc jjj-^ ^>^>j-o (^j-JI) l£->L«JI jj_JI j . LUsIjjjI oh , M * V 

3 Kuitl ^ juitlll (jJI SjLfuVI JjU-Lui dJJjJj igbjlll Sj^sLitjj Lia 

j-ij '"'^ ' - ^ ^ <j-° ^ lSj 1 ^ o' J^* 1 ^ ' 

S.LisLi. 2 A , — . adenoviruses 2-jJl*-II <-»! . "ji^j^^ uu il .cjLcjjsjcjj ii^Li 
»l in ->■! I ^ ! a <-s^c jlsj i,jL>JI ujLgjJI <. . j 1 .1" (jl (jSLxjj jj-Gjalll 

^ j Lai aJtl '"'I 1 ujjj j a II Lal . Lo-Llie-a Lcjj jj|j_Ju£.j 4-uL«j 1965 Lc 

t;r jkj (jJLaJlj ■ a jVI 2 j ui c I w LaJu (_£jJI JaLiJU jL>.jla myxoviruses 

jjjj3 1- . j 1 n" L^jl jl ^£1 Lu-mJ I Jjl** (-SjjuJI 1 (_yjJI CjLj/j|j_LiII 

CjLijy£LiJ,l dltjl^j t4^LaaJlj Ij-iaJLLiVl CjL^/^j_t3 I j Lu (j aj ' .^jJI Lj^Li. 

yu^>- V, LcI^ojI i_dl_LA jl p3 . Ij i^la )2m \ ^ g-u 4_A_Li>. l_Ualj-ai <■ 1 1 1 n" ^^^ZLJ I 
(12) 

(Ji-Jjj Picornaviruses CjIx^jj-lIII ^mn" I Jl>- 3 \u i'n CjL-ujij_i3 (j-a 
( _ 3 jJI CjL^jj-LaJI (_>iuLj J .i uuj .rhinoviruses 2 jA'.VI CjLu/jj_Li!l pu-uja L^ILao 
Cj Lj_o I (j_a l-£^a_) j^J^Lj ila >J I »^ i u I t_dl_LAj . (_£_}LjlJ1 -ij-ll <- . 1 . 11" 
SjjjtXI l!iLjiJj_iAII diLjijj_iA!l (jjs (_yjL\tl p 1 nail Lai '■'^sLlojVI 

lJ j$ Lajia^j-j-j j_j_«J13 Lq&Jj (jJ-aJI I i^aj? Sjiajj-j^s (.j-Aj .enteroviruses 

ji sUiJi 

Coxsackie (^Ij^j^ ,jj^j_i3 43jjjJ,| jj^i^iill ^1 ^jVLC) 2jj 1 , ^tl cjVjjJIj 

CjLcu^)_i3 Lalj . («U^j_LaVI SjLajil CjLjV,jJ| ^^Ij^j^ 3jjj pjj/Ll ^ a 1 n U 

2 . ..Ar.tl ^jjtjtll ' . • •*' (j 4'°'^^ (Echoviruses j^l diLj^j-ii) 4^^1,1 Jl AUVl 

f^yJl ij\ 1 11 iVI ^a-LseJ (jl Jj . JJ-JJ La-J^ ljJ-»^ 1. 1 j 1 uJ V jl 

I j * a (J-U-SJI oj-^d 3JjLa Sjujlc Lcljji cjL^/jij-Lill dJLut (jl LaljiJ^s 

^_Lc uu a LUalj-ai >■ 1 1 1 n" (jl jjSLa-l «LolH^t_a 3j-u^ LcI^ojI jj^-Ij t Lj-Uaj-a 

. ljU>.lj l_Uaj_a I j * " JU>.lj ^_aj i. 1 j 1 n_i tiijO. j-j^^I CjLijj^LlI.1 t_3^L>. 
Cj^LcLaj (jjs p 1 n-^JI 4jujLaj La 4_o~Li (j-a i_jLl£VI (jJLc i" iLjcjjj liJJjj 
(jl jaLu (j^ejj- Jj-jJI (j-a Lc jj^j^iib 2_jL^a^L! jLcujVI (_pajjij I jLa . 2_cLm 
(_^jVl I juk 3_a^LSLa dJLut Jj>! ^La-^Ljala V Jlj-JI J-Ua 2Ld l_LLI 

(jJLc . >l j n" 1 11 a J|j 1 ,itl (jic taj JLjso ^jjji Lu! ^ dLij Vj S 43LUI 
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^1 LajJalj jjVI (jjSLj (jl j I o i <i t, I I jjt ^JLalll sJoj (■ u i .ill (jl 

.. La JL9» 

4 a i aj-l u? S LtJLso Cj-o. j! «L«-aVI jl (jjl^JI ( _ ;r 3 CjLjjj£_lU jajj I jLt 
Lijj! JL2J .(jrpJLs. jf 3JL>. VI ijljuitl Ijufc Jfi. <LiL>.VI t_3jj<j V 3-aLc 
( ^_ <l ^J| j_ , j , „" ^^jJI Brucella abortus (j^jj^jI ^ j < "jj-j Ljj_uSLi ^1 (_Ll3 <j-a 
( _p 3 L^>.^Ll <_ u-m i Lc i"i j^l <_j_gj£LJll I j-a> (jl VI njL^ijVI ( _ ;r a =l>. jaILI 

LaJLtCj . LLlo ^LxX. (J_aL>JI SjJLJI 4j£ a J >■ i (_psj_a J-2>J cLul/LU ( _ ;r 3 (_£JL«Jll 
^ n j mi tl ^ 1 j loujOJI (jl ^Lu-oJ)j-jJ 1 CjL)^£Lj_a -i^>*J i*l mijj dJUj CjJL^tj 
*j 2 ul r* I ' c 1 L-« I . 4«al ^>.j-i (j-\_L>JI (J^eX. ' a * (_£J-JI j ->»*t1 ijr Aj 

<."mo i ii (_£jL& jLjjj/VI ' a uu^l JlSj . I j 1 1 ul i_ij|j£LJil (j-o 4_iJL>. (jjSjli jj^_L>Jlj 
SjLkJI ^\ j i n^j-jJLa - £f * ■ ■■ j_La dili <_u i nil tfjjjL»-aj Harry smith 
' a 1 J ^ ^ Ct"^* d * ' ^ fi Lj-i^-*-tl j-t-aLL*J1j CjLLuiLLLaJI (j_a -i (j,-!! ^Ll_r»o 
lerythritol JjijjJbjl ^ a i n~ j*C , nib A^axui SjLo jIjAI ojufc^j-u (j-oj .4jrj-r i^i 
t_jl_uj/V 4 nj i"iU Sj^oILa Lg-iSLJj 4_ul _oj-><JI 4ja- i n iVl ( _ ;r 3 Lu-m-i 3_j^Lj (_j-fl>_9 
Ltj .(_£j^>J (j^i-al V idJLLai (JjJjJI liiljjj . Ijji» L$J tla-iaej V 

ijr 3 ^>«J 4_aJ_2j ^ Lse IT «3l_j_>JI ^J_l>.)) ijr Jt A i"iU dul^ 

La LJLc «LflUi>JI ( _ ;r 3 4_ujj£LlLI (jlslj-aVI (ji ( _ ;r ULAJ (^JJjlJI ^ n i uJ 

IjjJLa-" i in (jl ojjjLkjsj Smith (■'"m n i » jLLj/VI Laj . ..I jL3j .cUjtiisjjs 
(J^jjij-Iuj-jVI 3_}l_o (j-^-*- 5 ^-J^J p i n-»J1 iJ7 ^ \j i"i**i i a LaLc ^1 j i nJ^-JI j^psj-ja 

CjLlj|j£_li! JJjJjJ . (JLMI (J-U I II (jyi^- t T J j' j: ?-^' L^llLjl ^^p- (j,^ Li^, I ilr-l 

t_iIl_Lfl> _}^>^a-a *=L_i_J| ^Ll_>o LuljLC Ij t a *^ i ( _pajJLl c1)Jlj>o La-iJJ ij^ii- 
j_fli ^jVI SJLsJI j^s-VI Jillj . Ji^Jj-j-a j-jlL 4Jt,j£j llj i^i (jV ■ La fl^ 

Ktl (_>i=j-o i. .j i ii" (^l Corynebacterium renale JLbj ^jj^uSLujjj^ 
3jLL 4_»^L>. S-iilj^ L4J (jV Ja 2 a Ktl ^ LpSLJI tfjLai jjjJj .4j-<S/LU 

. J^jJI oLjjSLa (jj^vl 3jUI d jjt jLilcL (jKtl ^ L-uL-u! J^>i (^1)1 LlJ^jJI 
£btj£ij Lu^i oLijij£LLl.l j-ajjj <-i^p- i<L^L\ll 5JUJI ^ic JUI Lai 

(j£La_i (jyJ-II ^^j^>JI ' llla) w (^paj-a (_j-Aj 4jjLiJI LujJLLiJI 3^ 
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t_gl j uJj ^ J-Aj 1 Jj^ 1 11 U t-jjy^LJklj . Sj-Jai. 4jL^jI Jiju Cj JLso (jl 
Jl^s.^/1 4-iSLIj i4jpJ!j 4jjU! tfLiII Lc^j jjLi Chlostridium welchii 
j k '■!) >l j-gil -Sj^-j (.j-s * (jJi! V sLj^/ jLi^> j-ii. 4j^L«JI 

Jtaj Spores ^_jj!j^>- j-j-lj t-ij^-S-j-U \Lut jl VI (^liJI J 1 aAll 
i_ 1 j 1 11 t-JJaVI (jlr-^jJl (j^J Lflqj 1 -»'' J2j Sjs-jj_>J,I 4j- i h'iVIj .«I^JI 
I j ''—I x2 'I (j_o ^jjlljlj i_sL$jJVI 4-JI (.g-ljj Lo Uii nJJ Sj j» i^aJI 3jj_ajJ| 4-i£.j^M 
^1 ^Jl!l ^Ia^cj jJ! ' ii^VI ->lj J-5j • I j/ a (jLjj_<j/ JJL dnieJ 

j j i a " jl jL*. LDLi ^h>J! (jL£ '^1-2 '• ^J-I j-I ^ayHj 2L>. j>j>J.I -Ly . h'iVI 
(jV! o-Lio _jJj . L0L4J j_a V 5_iJLLl! 3-a= 1 n'tVI ^ Jl j^-VI 

Ij_ljI JL>JI CjJU>-jJ (^yjj-jLiJI Cj^LUI (j-a 4-3jLua^a (_gl j uJj ^jj Jj^jj-ujl^ 
<La- i n l^U ((j-U-u^j) 4_u3_*_u]1 3JlJ JUL 4_aL_u ^J-u (^j-Aj * CjJL>.|j 4 L^- 1 ^ 

|j_j_U IjUt ^1 JUy "1 1 11I (j^-al J^Sj ' M~tl cL>.Ljla (^yi Lkjj_<ji 
5j I i a II jjlL 4_ul j-&^UI CjLijj^LlU SjJlS (_gl njUaj 1 nil £^Lc <_y3 2 'J""* 
. ij^sr 1 n^^/l (j-o I J 'j 1 aj a 5 *j 

a aJb (jl (jSLs-i - I 966 ^L-^ J 1 j Jj 2HJ LtlxIa-fiLuLIaj-taJI cLa- 1 n i^Mj 
a * 1 (__pl_<i£Lil Jill Jl^-**i 1 nl jjSLx-ij 1 1 j 1 1 im cLcj-i_uj L#j^/ I <j-tja- , 

Lj xl£ j j LgJ SjuajLiil ^jjulJI *Ij-^>-I J^Li- iiLIjj S-uLL^J! 4j- . ujVl 
Ijutj .SjLc SjLUs j-lc. (j-Aj Clostridium butyricum jaS^jj^u ^jjju^" 1 .^K 

. ^ojI J J-^J J-jtC j-Usl_>JI C^2^JI «»Ld uJl )) 
lilj . J-LaJa J-J-»J (_p3J_4J3 sbl IjjjJLtiJI ( _y3 t_!j|j£Llil (jX. Jjill (j£Lx-ij 

V 4_lSLIj 4j>JLIa JiSLi ,j-a tiJI JL3 I gljl «J LoLj/ CjLjjj£LlI.I jju ,j-a JjUl 
^IjLc J-so (jl I '*_' gLal-xAIo j-^c 3jL«JI fjS (j-A jl '. CjLjjj^-lII (j-aiej 
d 1 1 i nj 4_iLjfu-o J-t-al 4J (jjjj^jLILlIII) jlj£Lll (^psj-jo ^j? Li^ .j-i^uLlJI ^_t-a (jj 
(_yb 5jpJI ujjij^LjLa j j'a '. Clastridium tetani ^gLiLLu ju^" 1 .i^K 

i>J_A (jiijjJLl jj^j_LI (_psj_ll <_ 1 j 1 11 j Ljj-S I h 1 11 4j- 1 11 i^fl tfJLA 

(_ya i_i j 1 ntl jj* I jukj / jlj-^-II o^'j-^-^ ' ^ Laj-i^ L«jb 3JUJI 

ijr 3 J)^ 0 c ^j^?e_i » )1 ' a rt ( _paj-LI I JLA Jlx^d Ij^yS (jjLs^JI ^^LjlII oj^j-ua 

l. 1 1 r V CjJLa-j S«LoSLi ^ uLa>j jjj 1 .1 Jl^ lil VI ^jlj-il Ji ' 'aJj 11 
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(l6) . f LjVI «lk lAjjJI JUL? 
I jut cjVLs. ^ jULI 4jLc botulism t;r Jj^-u^-Lll p n i ."ill <_P=j-a J-i-a-ij 
Clostridium ^LJjjj^j ajjJjj" , ii^K(_,a . njj ^l jj1> "i? LiA (_i^£LJLlj ^ . J-^ill 
cil i 1 < a ij}^ 3 ^' d^'-*-" cr^ >*-y ^ ibotulinum 

(jl^s- _J-*J .4iijjL>J,l liJI n i nVl j ( _ ;r 3 jl 4jo1U i f I a i ntl j jc^tUI 

£j_a Lsljj - _ 1 _ u (J_LJLjj t(jl i ii t^U 4^j^>-*_U aj o i nil (j-a l_Lu_u£^3 ^-U-i 

. (jLcujVI 4JjI_uj LaJUX. Ij-ll ^ i ' t-Jjij^Liil J-a-b sbjlbej LaLtLs JjLuj 
s_i (."' a jjjj J19 a Ljtlaj I > La (^^ 4IuJL>J! (JjL_u^JI (jl ^JLLaJl (j i n^. (j-a_9 
lj (jl I ijlr (jLCl dJJj i4jLill Ij-lLi ^ j-J^-u^-J I (_psj_a ^ j i <s \ 

Jlj^3 iLcLaj p i .I ->JI t_xjJl_<j/l (j-c Sj_iLc cjIjLJu! LuJijo jJLJ 
i Lc 3jJL«-a SjL>-VI (jl S I jut ^jjjuz L*s . (_jjjj«JI jlUs IcLUIj cjl_ijj£Liil 

0 a i ii j ^ l8 '* (OJ}-il JjVl .^LajJJ ilsjJaj. J^Vl (Jc ^ ,.„tl11 (j! jJal^Jlj 

<ilj JoUs-aj ^^ajJIj t_)L«JLll (_yfl Jl>.jjj (jjljtil! puj-il = ) js-ijjjjill 

JUljLjj^ p , ,i->J| ^ (jjlUI ^LajJ! ilai. Lai . Ljj_iSLl!I (jjo 5j'il 3 n^La- 

CjLj^a-iJt_l (j^aSu La 4_tjlul 4_t_L»_a ^Ltia-U 4_]^_a_} CjLjj^ (jt^ »l ^ T l > .1 (jji^. 
i -<l ^ aV I j , >■ » ^ ^ n i njij ,j»jj| jLu (j7n<~ sU-ujI" i ii a Ojj>jj!>j) £ ^jl 

4_^>.jLi- CjLjij£Lui 4jI p j~j JSj 4iL2jJI (^ (_,-aj phagocytes Lj5L>J I 

^<u>o (^Jl 4jJLl)l ZLa- , ujVl CjJ)! i-La-ixiU iiJo. I its . j»jJI jLu (^Jl juijj 

.(_JjJL«JI J i ^ a J »" i ii a ^ j ' aj lLLIjUj I allll (jlSLa (jjs Lu_>^ CjLa^^UI aJJt 
^j^UaJI jL^->JI ^ a i aJ JljSLII i>J-2-a Lj^>L>JI (jjs jl-^>- I ' I p ' " ~>ll uJjJ 5 

LLsLlo-I <LLa jJjj jl p 1 qjJI ^t^" ■ iu reticnole-endothelial system ^^SLi uJI 

.4jvL>JI Jti^. iljLaJa^U! ^a 
Lr ii lil >l_La AjJ\ ijji j"i< j II (JjJjJI (jiL!j iljia. (j 1 113. IJufc 
(jr jtJ iCjLj^^SLlII (j_a (j1_j^Lill Jjlj (jrtJ^LJI Lj-Lg CiJeTu 4iejj/lj <■".-»- 1 La! 
(_j_3 (_JjJ_«JI (jlr p 1 n->JI t-^Lilu ' ^j^' 0 .j_uSLi CjLa^^UI 4^LU J)IJlc! 
Cr i£. till j g-ilalmJ V 4jI J-xkJLj ^Jt Sj_Lt>- _jj| 2bL>-VI j 5 Jl _ja»Vl tdJj Jla 

vZjLcLaj) cjjL^jl I jj . La iij-aj ■ 1 1 ^jjiLiII j^ilLa i3jI j_JI ^ ,_LaVl 

Ljj xS[ < tl Ocjlji jJj . IlJL>- I i eaJj a (jLvu-iVI g j i aJ jjJUcj i<Ll!j^/I p i n->JI 
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ill (jl^ w a 11.1 Lat . (jL-uJ^M Cj j_a_i J--L-. 3 JU J-lm CjI_Lu_u£^j ^-"-J 



j-Li-a Jl£. p i n-»JI (jb dill. . ^L-s tiJlill ^LajJI Jaa. 4jLi<i/ ^ 

J <- 1 j ^ jj| i ,1" .abtibodies S^LUal! ^\ . .i-v^fl ^ a . ."i cjLLu^j 

^ j i -J--£ (.j^- I ^jU-^ jj 4jjLi-!! ^W^l^r!^' t° 

~ j i a Jj . I j "I j* 11 CjI a ^^L!l ^Ir j i ujTj Ijj l_3 Jls! 3JL>JI _>j-_b 

JL3 J-j i_£j-->- I LiLo-i SjLjJLC CjI j i i ii 1 jl ■ La jj j ui 4jt__-ajJ ULo-i 3-C.LlU 
CjLcl—La jJa-j ^Lj_a \j 'j LajVI j JJ-J-11 >^0-> o' w 3 L - l -^i3 •J- <JJL " (J'>^ w fl p 
2 tj __LaJI (_p3lj_ol (j-o Ltjjcjj i_alSLJ!j 4-t_-.x_-JI i. 1 1 1 n" La_Lu Lc (_£J-U 3j_u^ia 

(jjjjlj-i^ J_t__5 - La a «L__,l_La La *" V lJ__Ss_l11 jjjj^j-j^ 
d La-Ljjm S-cLl-J (jj • I 1 3^ (j^aj-tl i. i j i ii cLjlaLJJJ CjL^Jj_l-L!I 
42jjJa c_UJ--s JLaj5 . dl! jj 4_L1S.1I CjUI ifu i iiVI (j-a J-*j JL>J!j j-2-lI I J->- 

rj^^^ ^j_JL>J1 J____) * ' rt -juaj] p ;jl*~» > ^jJlj .( JLiJI cLLa 

^ jr Lj-ifCJj 4_o- 3_cjj_a ^-.J-jr" i n"i ijiJ-J-H JLtia B.C.G ^ . (j-o . <_! JL> p jj^Laoilj 

.CjLt_j^j_x_J1 ^jL-u 3 J-^- ^-I^-J-u J-A ^Jl --LaVI ^Jlt-J Jlx_3 (^_.L_u pjtla ^jt 

J i<l (j 2 >JI ^J--JI 3 l"i a I (j-aj .3_cI_lI.I (J^Liu SjU" i ill (jlr L^jjJLSj 

. LjjIli.jJI jl Jlj^uJLfs 4j^_ufLl (_palj_al 

^ o S CjLjjj___LlLI \ $ * * ' -aj ^j--i-ll CjI m i n^j-lJI J_L_a 4__.L__1I I ui m ^jt j^^-a-ij 

OJUJi JlLa i- i i uj-CI (_gjJI J---aJt,lj . L^x-i.a-1 CjLjjj^L-til JLUa jdjlu 
4 (19) 

I juk (J-j-L ljl_Ua_a ^ i ea-a ^ g i nj SjLtiiA CjI i j i n^j-i ^jUrcj 4jl 4_Lc 
ijr £. i ^ J JjJ^a-jjj_JI p o i n**(Hj ( j^^__u_tll l-3-II JLt-a-a^l Jli Jl_>-**( i ujj . ^ i n^^g-iJI 
oJl^j 4_il_to'^l j_Lajs- J_Lc ijTj^J La II CjVLs- ^£ ^ J-jr" i uJJ iJjJ-JI ^-.1 m-vj 
JljJo 4_«jIj «Lcl_La CjVL>JI t>JUll (J-La (jiajjJLl <_ i i n~^j .(jlolj-a^/l 
4jj^sj>JIj i_£.LSLjJI JlLa (_palj_aV (j-o-Jj i^jl jiaJI J--C I JL-b ^^--3 j j i <-i Vj ijjIsjJil 



66 



gouLaaJI ^3 ObgjS.i.nJI 



i_dcl (jL^ Lt (j^LIj ■ I jjl** JLaoaJ SjLiiajs JLi^ajsl C"^*" ijA^^^^J 

LLP 

LaL>. f*\ iXzr" i nl *° * rt J-^ I JL&J . 4_ujj>. «Lcl_La «LLl^jj J^>« 

Jii_4-l (_^Iaj-t1 £^L_*J ^jJI i_ilj_u (j_a (jy^Lj 4_JL^tHj_oX 1 Jl_t-£3_aV1 (j_a £^oj 

3jj^uJLi <JiiLI i^aJ I JjsIjjJ! ji i_al£LiJLi -j^l . ^.t I jLSLI! Ji-a) ,_pa!j_o^l 0 jut 

w ^L?"? - * L^J""? -1 L^J"^ ^J-^ J-^j-JI (j-a (j^-i cj^>- (cLuLLVI 

w I c 1— till <l>.LlL! 3jl_i^>.jJ! 4 1 j i "j-ILi Ljl_o~l tfjjjj (jl 
(2 1 ) 

(jjjjjl (^yi 1964 j»Lc 'j " j" ^ ' *.;**• " «Lij cjjls- jlsj . cj Li jij£LJJ 

a * 1 ^-jiaJjj ^J— (j-* f^stl!! ^ la 4_1| Cj^oJj (^jJI £j>.j-i <- < i i ntl (ji j»$Jaj 

(_)_>J,! rN 1 c cA-J oLjjj^LlU-llLJ jJ 4ja_Lb-cjj i""i tlj . 3JVI ^ "*'•< I j*j^ a 

I,,,!,,, L^K^LC^I c^K 

isj-LlJ! 3JLJLJI <L>.jjJ! iJJt (jlr (jK (jli^i^l jaitill (ji ^ila (jj, I 1 aoll 

CjI ilta (jl 1 " <j j La ] cLjJLjJI * ijL^tHJI (j^*-J i U jj-u JLu (j^J j«-J A j J la g (ji 

Lal_4-i 4 <i A 1 11 jJljj dul^ 1_AJl>.j aj &JU$\ CjLjij£Lj_4-i IjUtC du^J (jy^H ^^tlll 
^jLS jo_>J j J_«JI jJ LaJ »l 1 a i uVI t_!^Lj/l Lai jj ^ ui ajX 

. j-jj ?"tl ^1 ' :: - ! L>-^'-= ,,, -'•' JLaX.1 jj^ ^ i** (jL^ JLla-jjiaJI 45yij 

Ijl^. La ,_JjJljlJLi Cj^LjLjlII i^Ji^-J -i'j- 3 ' y-*^ '-. 'J '^1 (JLjJLI Jjj i ii (jlr j) 
La jii^l (j^Jj • (L\ul/ L^la (J^Lj joJj 3 jU U jLoj^I j»o-><J <>J^J <Lj I J-^-la I Jl3-Ij 

j_a Lajl (_jjjlj>J! t_i^^SLui (jl (j^s ^^-»".tl jjL^ (_gjL«JI (_L^.j_J! t_jL^cl jjjj 

(^ (j I ,r>\}\ L. i i i n II <_sLAl£l (j^s 0>Lj La ^<u iS^ujijJI L^j-usi (j-a 4J>Lj/ 

<_ 1 1 *I1 Jjj-jj (jjj^lSLILi ^-2jJ,I sLU j»ljiitl<j/l j-^j '• 

t_ijj£LJil 3J^L<j/ i— sjjiIU! j<u ji^j . 4_uj^>JI L^j_Lal lJ s ^JjloX\ ( _ ;r a 

Ljp£j ,jjs 3 aJlkXI djV^LJI (jL di! j iS^Liall Jl i^iaVl f>\ jiei^Li Lo}^>. 
2 a ilie " ^ \l « Lai i oa.] jJjj (Salmonella typhi (_gLijLJ ^LujILj/) a^a-pJI 
3_i±L>J.I , ,1 U a \l II Jl ^Vl ^ 5lj.^.^ dJLutj 'j^J^ c^l 
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1 11^ L^-j-Lg <_2jjilUI ^ j 1 £> i *Lij (j-o 3-Cjj_a ijr^- Jj ' "* ~" 1 1 («-> Jjj 

icLj-ilij d a < a ^1 JLa-**< < u\ ^a-i JL9 L)^ tl)!j) ^ ^i-4pJJ 5JLj_u^i 4_u^_L>J1 L^>-j_ai (j_a 

(22) 

SjLial! f>\ 1 .i-v^l £ \l . V.1 1 Jl . * Wl £_a J^LajJI CjLij|j^_Ji,l 2_2jjla 

<jJI_L&j . antigenic patternj Cj! jLiall ■"«! jJj a 1 La -1 I Ajj j la ^ <_u-i n~" ^yll! 

(j_a CjLc j_a_3=_a 

Cj!jJj_a lLs aJ » ;jj . Lg-a-j-m-SjJ 3 fl 1 " >■ 1 1 Cjl_ij|j_£L-<_U <— 2j-*iU ■ La 
j_jLj^5^/I i-llLa-i^a_l ^j-b d gOJ ulS (j^-a-i ^ 1 L'JJ^t!-^ ' 3J!>L<j/ ( _ ;r 3 '""'I vl I 
d TAj ^ oLa-t^aqJI JaLa-i^M aJJt C-u\£ d j < uJI 1 Cr^ 

. 4jLiU 3j-fJ^ <(t_uj-U» i—SjjijJI (j^a^S CiTi ir-i^f La (jl£La 

ojLilLiI 4 Ij < ..j ir.T j ir-il (jjjjjl ( _ ;r a a^aulill « Lij jju^a ( _ ;r l^. jjiuJ! j<u Ltj 

4_!l_l dJia-Lj (jH-II SjljLiJI aj_5e_Lll £_a Lj^jSLJ! (jjjLiJI JjLu .4j*-Ualj 
(_paj_l! (_£j^>.j (_paj_l! ^1 1 n-v I CjLj^S-Ji! cJLaO Ltj .jaixlJI La S3 

. JLgj-uVlj ^(j-lllj (j-a^J! (j-II l?- 5 ^ '. (_£->L«JI «'j^=-a 

(Jl Laqj ■ (jSLai -OJ-^ sLx-Ualj 4-2jj_Laj Lgi£ (jlalj-a^/l j i" 

(23) 

jl^jJ! (jSL!j LuLLajjj ( _ ;r 3 j 1 1 ?~> l_yLM fjjs ^jfjhll diaLj/^j ^iila (_gjJL>J! 
^a^J^aj-aj lXIxl 4jl_Ua_>J1 ijr 5 ( _paj-LI {j^ \ a ^-1 ^jJI w ' ^^Vi ^j-iij! jj-a 

J rj~M (_gjJL>JI (jl i_3jjj>J,l ,j-a (jl^ lilj .jja.|j jjlja. Jj^j £ Lu^J 4jaIi.Jj Jl^ 
^ i"i**t r t 1 11 a^_ll_l JL»_a cUt i cLuJljJI cU_u^^_tLj ^j^jj^a ^\ ^j^jj^z ^j_a 

(^palj-a^/Lj ( _pa1j-a^1 0 JLA ^JlLa ^ a 1 uJJ . d 1 u a^La J-J-i-J 3J J fra rt cL^j^Jaj Ltiaj t 

|_4_a ^5 1 j .^.t- j^iajj,! I SjL^sVI t_i ^Lj/I (jLa jl>J! 3JL>. (^.sj i3j jutil 

4-j I ni a dJLL_u_a (JLiia^l \ i^i . £jl uij \1 4_djj-La jj t aj (Ihfj-^^ 

' fl-i-LaJI j-i-l (J^La- (_paj_I.Li 3_jLi^5^>LI ^LlLiLS dJLut (jl jJLjjj . La JLa. ^1 

(jl f^j-i (JjjLlII (jjs J-a^a- jl 4ijL»JI ^jjjs • La 2^ jLa-!j (jLcajl <— iL eaj La I JL>. 
(jjjJa Jl j Laj . joiju Laj5 Si jl 1 .1 tl L$3 JutlJ I jjJsjjij Ji^ I jjL^ JSLI! 

(jjj^j-Lill (ji Jjil>J,l ,jjs (jSLIj ^ . V^acjs JLiLaVl i_]Llm 3JLa. (^ ^jJiaJI 
. ^ 1 n->JI Cjljljil jjLu/J t_jL»i!lj (jj Loj^U i_aL>JI jl ijJLi LaJLc I ^a. Jj^i^a 
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(_palj-al ^jj-Aj t4_ajjJaJI £ Jujj ^ i~n**i n I^^LojVIj -ij-^ll ^— ) X3 J Cj' ^J^J-U 
^^^j-o JlJ J i n**tll «La£Lct_a d i (ji (_3j)jjtX! (j-aj tM^J-tJI 3juJ_tL 

(j-a 4j| La£ .t_jL^cLi 4-JI (^yU^aa-LuJI jjULsLJI (j- 0 O^J - ^ '-. ■ J ' "" JLS 

l_jj_«_a t_x_i_>J! JjJlJLo ( _ ;r 3 JajjL>J,l <_aL>J! JoLiJ,! JlaJ (jl LaLa-l (JjjIL>J,I 

•■ a * 4_j| jjaj (jj fc» A". « jja (J-^Ls ^LLiIu ijr 3 puj-il ^^-^P* <— ■ijM-jLatJI (j-a 

ij-jj-ll j i g h ij-j (j_a 3j "i li 1 1 J^Li- (jl-"»jl Cr'l O^-^"- 1 ! cJj^-*-" 

*lj_a->JI <_Sj-lVI (j-a Laaja j&^jLljJaij ja^jLa J-i^s I ^1 4_u_gi!Li UJ * .' ' ~**JJ 

^ (^L^jJI) ^gjUJI JJ^JI illLaijI 3jl3.J cJjL>. LaJLuLS dili £_aj . (j-(_LC jj. I 

j_iL>J.I i_3^jJi ^ j I miI'i VI (jjs £_a-JI I j-* jLlkj (j! (Salisbury) ^jjjJLji 
(^L£jJI) Jj-j-11 j Las. SJjLJI Jaigao . I Jo. Ijj . ,ic j-aVl i-JJp-j 

\j i"i**< i a 

w " 3.-1 Lxl CJ .(jVI (_j-^>- 3-iL>-VI i_3jj>_i V (j^e-i S gj i a (Jla3j <l a fc sc a 
(jlj 'Jj-J-II j m LILs. I fll n<"i i i ( _ 3 jJI <Jj5-" U*?- 5 '-'- 0 cr'i 0'"'-^> , - 1 
'"'N 1 ^ U J^-"/ jl CjLjLoill jjj.il i ir-i ( _ ;r 3 L$-Laj_l (jl V lujJl a t" < u\ Jju L^SjLaj 

. 4_l JL»_a cLLjj/Jij-j-aJI j^palj-aVI <■ ilr tj 4jj-uSLoJI j^palj-aVI {jja j»uSLIIj 
jj_a CjLijj^LJi.1 ^^-a^J (j .lUtllj Jl < i nil jl jj Jl^>.jll JaL>J,l 

(Jjl^ >^-jj "" " ^o"^ j.' i3^ :>, ^' i£3^- '-. I j '"'"'JL? •*— sLaifcil SJ3L2JI jLjVI 
^jjijiil SjsLa 1 42jjJa (jSLIj . 42jjiaJI tfjut Streptococci 

,_3jLi>JI (_>^utj ' a ui£Lj IjLA ( _ ;r 3 i. 1 1 1 nil (jl La^ i4_ujjia^JI 3l_L2JI J!>L>- 

j LaaJI I Jut ( _ ;r 3 (j^s- (^yJj-Ulj ( _ ;r cLii>.VI Ll^jJjj/ J^a- (jiaJI ^\ 
(j^U i n ) La JUx. (JjjLilLi I p ^ A I ^3 1 (jj la * 1 ^ ^J-ll (jjjLlII i. ilr La . Lu-uu ^_y3e-LaJI 
Jl j mi (j^ (jjjj>.VI 5_)l_aj>> I JLA (^^3 <■ i i i nil (j^jSjJLJ p-Aj ' (jj ' "l^* * jl 

-^Lill ,jjs J^l jjlc ^u>ijj .^LLjlII j! JUujJI jjjJjj mjjJI tiJjdl ilijJI 

CjljJJ p-^JI QJU I i ll JJLJ jtU^JJUl (_Lui^. p(jjlr (ji-ljJ-L? (jL^ (jlj 

-I j OjJL>JI (^ 4xaLaVI (jj LkAJI (ji La^ L£j_uSLi) juila OijJI jjJI 

L^JLct (j^aSLi (jt j^?e_i Jj3j CjLi^^)-LaIlj LjjuSLJI (j^s SjjLClLa 4JG^ (^j-A l_a_il 
(j-a I jlijj LiLa^Ja (jl (jj£jJLj (jjjJI (<s-a> (jjjLill (j^ (Jjliill (jl • 1 j i oj-a 
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«LiSl iijL^c_j U 4_jLjiLA t_i^Lj/Li qj , ,.tl jjj^j cjljlj^^lj *LU 

Ljj-_lILSLj ^jjlj-jJ! LjJujIL-o^KTI CjLc^_aj?e_a ' ea flj ^jl (j£La_ij ul LajJl 

.* j^Ja-iLS-aj ^jljj-^lj t_£i_Sj_aJ1 jj_a ^jj-^ ^l Cy* Ly^*fi_$- i ij- ui 

lj_& (_p-o Lis* jjjj LuLtajjj ( _ ;r 3 oLlU CjIjjJ ^1 . 4H>«j j L«-2i,l (J_y>- La_aj 

-Sjo-lj "iji/j ,j-a jj£1 tUI 3-aljJ (jlr JlaIkj ^^Ij-S-^jj-o^I Sji^tiU 

-jLsoj • l5 ^!-l' ^JJ- 5 O"^ **i)l>^' *— ■ 1 W JO^ri-^ ' J-ii>^ SJL-<-u-o Laj^d^l 

(jjSij clulx^ suJj-illj 3_aL«JI i>LlI.! cjIjjj <. . lr I (jl-i_dJj (j^. N i '^' a 

<_ 1 1 uLLa j_al itfLJLl Sjjj 4 1 1 * a ( _ ;r 3 (_g Jj^/I (Jj-uLiLa (_psl ^>-l 

( _ ;r u(j cUSLJj i JL>.lj ojaj ( _ r 3 (j-G3jJLjl (Jl ntl t ill ^jjs (jLiC.jj (j-U.ajt-ui (jl ^1 
t j^_d_u_aJ1 JUlu 3J ^ ui* a J-±£- l^- 1 P J^r" ' " * (jl <— t^t_l uiJ £yz (jl 

3_3jJ>JI (j^iAj (^yi (_£JLj^M Jjj/LiLaj i>LlU CjIjjJ ^i$>^ *J^-^ (1)' 'V^l J-^J 
3I la "' (jlr j uujI Jl3 I j"j -1 &1 i-illj^l jl£ o'j -S^LJI 0 sJaoj j uu i" 

jJsj . 5_>_3L^^t ;< iH^I .j^LJIj 5_iSLjjjsVI 3jLalI.I cIjLjV^II ^ Lu i n't £-<-ulj 

p 1 1 a 1 1 JljO. _jJI Julj Oi-J! jUil L3jj JjjjjJ! ( _ ;r 3 ^ (3 l-^Lj_i_<j l_lX 1 o Jl£j-CJJL>.J 
iJ3 _iLIajj- ; J1 (jj-A 4_o*jL>JI (j^J (j*lLa Ja (j_a *l-^ 2lj^«" 4JLjjJaj 

( _ ;r jj/l_<j/^/! t _paj » I I «L«-3Li j-J-C I j j 1 m I j !S[ lj) SjLala j-^c sL«X.Lj ^JLlLSjJI 
(jVI 4^^ui ^bjj lSJ-II o^^' CT^n ^jJJ! (j^ii 4ji>.ljJI 2 fljJaJI Lai . 
(jL^ LaJjJ • CjLjj'Cj nil ijjLiil! Jj J-Ju (jL^ (jlj 4jjJaJI sLajj/LlI d . ^."-1 . ^.-^-t 
^1^_L1 i^»l cL^-j'r cLSjjJaj 1 ^ ^ ^1, > -»-**. . ,.l Julc (J*Cl2 ilaJI ^X 1 - 1 ^-a->JI IjLA 

aj.jjUll J! _ja.Vl J^J! jjl j-al j . JU.jJU 2loUJ! 2b^UJ! JjU! i^j^JLi 

(jL£ ! VI g}l ta II J>J-1I L^lISLj tiJLLa (j-u-iia . I nS<a >IjLu/ (jj^i 

Jj^ill j» JlidLj/l Ji^j . (J^jJI SLiS jl 4_JSLII ( _ ;r 3 Jiju LlLi^a (jLcoj^l 

-, -J j A , ,. 1 lj sL>.lj_>JI ^ 4jJj^/I 2 -> ■ ^>tl jjljj AalajJI Lister tj ' . .mI 
d <i ( ,il_>J1 4_)jl_r»o ^j^* 1 ^5 1 gj a p_L»_a ^JjL-u^ ^jLtaJI (J^^II ^ JL^-**t < ul 
.3>UaVI ^ 1 njl JjLiII ij' Cr^- • '3^ 3J>«-9»il k>r!-^ L " J^-^-i' 

jji_l!I (ji^. SjjLa ^IjjLi 4j^sL>. cLoj^ij ^Ltic (j-Aj Ljj-uSLjJI (j^s 3_cjJ_a ( _ ;r ^3 
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* (_>^j-J 1 4_lLui (j-a d ajAjfcj * ^ se Leal 1 

Lol VI ^LaUJI jij j_U aIjl^xJ S^Lu-Jj iaLJI (j^UVl i^uaJfc ^1 LiL* 

(_£jj>.i jq-o^j . («LlLL*JI jj-o-uLiXL) 4_aL*JI (j_a t_$^**< i u a 4jr JI 

L$JL>. (jl i .I lj L^xLc SjjLj <ixjLnl\ jjtlleuzj o~ , s , ~ 

(j_a * al i\ ) Lu_oj2j| 1 i mi mij Lul ^aJ (_£J-J1 La '.(J^l i n**M 

SLcLU! aiut VjJj 4jJUlI! ^Ij-aVl J_Us 3-C:l_La diljj (^Juj VI S jlj+ll 

jlj^qJLj (jSL<u (jL^uVI (jl jjjk ^-tlaJLi 3jL>.V! (jl S ^^.^j^ Luls^J 

4 j t nL*-ut 4-11 i nfl (_£jJjlU j^pajjLlJI .j^_aV1 0J-£J aj-jjJ1 ^_JL_1 (j^-i (jl 

(J I j La Lllj" 1 11 a (j_a (j^-^ 3 1 11 a Cjli VjJ (j^Jj .3-cl_Lll 1—1 1 1 n'^V 

L 1 i 1 n tl £j>.j-]J . L^jK i n J/U fillis^La 1j-jJ^SLI1j jL>.jJ1j l£Ajul\£ «\ L^-ijJ 
4_ljLSjJ! CjLjj" 1 n<i i I i*C 1 11 <ii Lj^LJI aJJt (jVI Ljjii. ( _ ;r 3 u 1 nj'ij-ll 

JLSlil ^1 cj^I ji^ jo-aVI (ju j li 1 .ill ^ Sjulj^II 4j^>J! (jSL!j . 3j 1 ..L^l 

(jl (j j mi jqJLjlJI ijr ^ ^J-Lil—La j-j^L^ j^l ^ g 1 ) ^-til I JLA ^ (.P^^J-*' 

,j_a LLljI/ (j-^Jj ' J-^^l Cr-^ J^-*- J-i^- Ui^r 1 6^ 

LuLL^jj-aJ (jl^ l!il (^j-i-oL-ot j-al ^^i^^ ^^JJ-^ AlJ-3ejjjj|j p J 0 ' aj 4_aI J_JI 
. d j-i Lta^ll SLtill jjj-Ia (2>c j i""i n (jjJI JjlII ^1 j i\j Laa. I (j-a «LJL>. (JIaj (jl 
t_)j_<iJI tfLus Cj^Jj LaJ_i£, 4_oLjj L-uu J-^jJ J^3^'J Lh-Ij^'j 'j^"M (jl 

■ taL it <Ujjj (_g jJI j^uSLII Jl^jJI ^ 1. 1 j 1 nil jjt I jutj .4jjlj_JI cIjL^SLjILi 

.t_!j_<iJI <>Lii 4l«IL>J,l jjL^a-all (_gjlj^JI Cj^bJI 4j^lj_a 4xL«JI tLse-LaJl 
d j 1 nJ^J-II (jj-^'j • W^^^tW *J J ^ (J-^* - ^ |j ^ * U (jlalj-aVI (jl jJal ^Ilj 

_ojLl CJ ^Jj Lai . I (Jjjt>J,l (jjjLoj^l jl jj C^jL^ Lajj L^-La JL«JI JLaHiV 
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4_lo^jJ1 d sc uaJl Jj-al ^jj-S (JLj-A^/lj 4_t^e_uaJ1 (JjL_ujJ1 (JLukLj 
CjIjjJ 4-jjl i -vl (Jlj-J La «iiJbjLJ J i I ij^M " "-(Jj-aj (_^<-II CjLj^^U! (jj) 
I r *La»ji^ uiXI (_gl uJI ^Ijjal (_gjILr>oj . (4jjlc.VI u-a <j-tlaL«JI '''-i- 0 
(jl i5JJlC ^jjjx-a (jSLxJJ . Lji-j|j_u/ jo-all sLUsj-a-U CjLjjj£LlU 

• ^jyjl JjlJ! a i n**(H ' ^ j Qsc a a Lala ^3 «Luaj-aJJ jj-u^j^jjj^SLLa Ljj.-uSL) j i"i i t 

jj^a IjJLS j ui LJ (jl jj^La-l (Jj-<-a l-#-<-a jl^e-J V (jy^-JI ' a^aJe^ll 4_ajfu_La ijr Io*J 
4J!jl JL3 (_gj-JI jJ-aJI (j-o J-^l LajfcjjJ (jllj i ii » a ^->J^ jl (jj^ 3 W J >j"' < \'^ 
V!j i_JL«J! (^yi SjLUs j_lC LjjjSLJ! t>JJb (jl Ja->JI (j i h-v (j-aj . I 1 J ' a ' aJaJtX I 
.,-,VI 4_JLl ^ i La_a LfuLjLu! j^l JjLJa^l i CjLiSLa J^o- 1 -" <^~>V 

(_^<a_jjJLl Jl_Lc j^jJLjlJL] » i\ LtoJLI j LcajtJl d i ii a^LLLj j nun Sj-u/LlU 

,_p3J_a Ij-A (j-i-C (Jillj -J^S-I (JdTl'l J-i£. (_JjJ-*l! ,_p3JJ(Jl.l j i <n 1 1 j 

(jjJJ i i n^^SL^a ^c_ui! Iim-w (J a ~»o d Ah-» i"»ljj t^q diii nj ^jJI ^jj-aJ! 
JjJj ■ ui II ,_p=>Ljj_!l o^J- 3 j-^j^l J-*- 0 (V3 .Microsporon 
io-LJI (j-a U-Lcjl 3-u^a}UI ^l j_al ji£! djlmluJI ,_p=l j_aVl 
tj^l j i ii tl-3 • (j i ii ' 7«JI JL^ajVL Lul J ^" i"j d j| i kLZI? 1 j LlI^c 2 1 (_gjL»J 
jjSLajj i Neisseria Lj^ j i iu t 5x. jjij*js (j^s A ut it LjjjSLi <Lxj-i h" j«J (_psj-a 

jJI ^^L«JI (jSLIj itiuJL>JI (_gjLijSLII ^^L«JI sUoI^uoj Lcjj 2 J i "jl a 
1 ' c Cj^l_a_>JI ^j^* * ^Lui djj^ i n* II CjI^JLJI ^jJ 4Io_ojLa_a Cj^ i"i**i \\ ^jJI 
^ ajl 2 a Ljj j i ih t (j-a CjV^L<j/ jj ^Ia ^1 ^LuliiJI 4jJ.L«JI t_)j_r»JI 

I lx i ir-i^f 3jsjL21I cjl_ijij£Liil JljJs 3JIjl3 3jujl>. j-iaLS^. jj gla ^fjJj • «lj jl! 

dill n" j 'j i I 4-^1 mi**!^! ^j^/ t^^a] i^y2>j-a ^j-AjJ1 Lat .^c-ljj>. L_it3j_a 

j_Ju ^yj^Lflj jjj . Treponema Pallidum ^JljJLj Li^ujjjjj ^ a . .n 4j-lIjJ Ljj_uSLi 

j ui r (j-aliJI oj-ill (jjjjjj^/l i jJ^lS l_Lj Tj jjsj 

j_a_Lll jj>. \ La lj_u£j i VLu>. I (_dl_L& LUa jUa (JJa J^J . (^jjjJI j^clJI 
(jj<L«j>. ( _ ;r 3 I jl j^l (jj jJI jljjJJ I j j La 3. LitS i . ■ i ^"j > jK mil j^J-Jlj ^ISttl 
Jl^£. JLca CjLkj»IL>J,I aJJt (Jila Jj^, d j i ni->JI 4jj_>JI JljJL2j ^jJs Jji-jiJ 
Lj^l uili^l j<u lil 4 jl i iiLllII (jlaljjsVI - I a ui (jlSLaVI .i>^ij (j-aj ^ (jL>-jJ>. 
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^^.a d j i u ; ->J| jj I jj_la_>J, I j jL-j-Il S-j 1L L^JoLlJjI (jSLIj ■<-. 1 1 ulUI cJsjJI ( _ ;T a 

4- Se-i.aJI 4_i^jL>. ^ a-t^a-j *j j i c d l*C i"i a I j I » j 4-ujJlII Cj L*-aIij>J, I 
(^jJLkJLj SjLi^s^L) 4xisjj(J,l ^ j i aje uJI i La t J^'j-^'j . <Ucl VI 

lj^i£ uj-M-xj ^ <>i'- JL " 6- a "^-rh 1 >^-" ^L*_aJb»J.I ^ JaVl ^^-SjJLuLuJI 

j mi'i LgjLijj £>L«JI ^ aLta^jVbj .(jJj^l <LL.Ijji ^ o^ji\ 2 t^M a.) 
j^SLj (_^<-JI (jJ^LLlI J' O- 1 ' J-^' Cr 2 <*-»-^Lie->j l^J^-*^' jj^ Q 5 liil jJj .(_p3jJ.! 

jj-j-JI (jj-SLj (jl (j^Lxjj . (jK i nil (j-a LujJI .-.I axLaJI j (jjjj>»L^il L^-ls 

. 2_a|_«JI 2 se Laall si lUIj (jlj>J L«Ji, I sLJaVlj (j1X.Lai>.VI (j-Co-LJI SLc Jua 

^^.a (jjJL&lj-U L^oa dJ i". SjJLa (jl jJLuJ! jl j-o-V! jJL«JI (jl^ 1 1 jut (jj>^3 

(jl (3 .' 1 " La^ i^^jJlII £-ai>J,l (^^ 4_j£.Lai>.V!j 4-ujjJlj 4 j i u L>JI JLjLojlII 
I J_A (j_a CjLLu^LxJIj CiLuj uuJI 4-u-ul j i ntl 4j_}L»_a ijr 3 J) m ni i J T p^ ' il mi 
(jj^"" ii j-a-cJI jjla (jj^JI «3jUJL>J! jj^^^l » L)' S-^J Vj • U>^" 

4_<^>. I— I ljr h Sj_j_l^ S_i L_jj c^jL£ 3_jjj_iJ! <L?c_uJJ! (j^Jj i«bL$i!l 3*Lu 

(_p3j-U ijy 3LjJ . (j-uL&ljJJ (j-\_l 4_lL_uLuJI ( _pa!j-^aV! jl uij ll jcj (J-°J . 4_u_u_L>JI 

5- iSLjj-aVl SJlxIU CjLjVoJI (^Sj Lufc SjjLlII 2U,,j-,1I 5 aJall oMjLc ,j^ (jVI 

ojL£ I jl La (ji^Lij (ji t_jL£LJt I juk JL==-o ^ 2>=<^j • 2_iaLi j-SLuVI j^LJI j 

jjoJuJI (jl jJi C^jI£ La LjIj i^j-r iVitl ^^yjj/VI jjj-'i i uJ «3jLjJL>JI (J^^-^l » 
3j i ni->JI 2 se i all ^ 3_upJI QaSj (jl (^ (_La^/l Lut I ij i n-e^ L^J (jjlj JL3 (_ylll 

• U^rh 1 6-° 

a « J CjJLs. (jlj , 2 a i . ^. 1 1 3jLc ^jiaiej 2_jjLnil (_p3lj_a^l jLiHilj 

(_p3j_a 4_uLL^/l ^ j i a >■ II a . IjLa^, (_JjJijlII (_L3j i""t (jl_o~^/l 

Ji2a (jJj^l (J^ljJ.1 (^3 JjsLs- 2JLIL, Slj^sl L$j Cjujulo] jJ (j^Jj 21jAUll ^ 
jU.^II ^LiLi LiLo.1 sLiVI i"ij dlljdj .<j1_L>JI CjL&ojIij (^1 i^jJj 

S-iLj^aVI (_Lai ^ I c (j^jlj^l (j_a < " « I ■ ajj 1 1 £_a c_ <-K-L! 1 fj^- CjLlIAII (j-a 

CjLy xse i^-> (_^jLu ilA Laj) w ■ ) Lil dllj oJLtS J^2j .(_p=>j_U (jjs (j^s^LiJIj 

(29) - . ? 

. (La^LUI i. 1 1 nLLa j-JlC C^J (^ jj J Sji^. Jju (jlajJLLl (j^al j<u iCjI JuaL^j 

w I c 4 m it j jLil (_paj alia cL2jjJaJI i>JL^-i i_aLd!l j I uu tl (jjjj>.| ^*-<j' Jiaj 

i-aLCiJLi (5JJL«JI («Jj) '' 30 ' ) JLiLaVl ^ SjjlaiJI j^Li 4JSLIj (>ulILJI 

(jl (j^a /tuLjJLij (. , ( _ ;r J_bjLc.lj cU (j^al dJJj (j_a (O-C.j-11 (jjLu (j^Jj 
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(jluuUli) CiLigjS i.nll 



.<_ijl_)_>J! 4_cSL«Jt.l «La-l 1 nVl JL>.!£ tjUj'C 1 mtl (jLaji i_Jb j«J j-a^/l 
Lyij Li£ {j La 1 "j II jj 1 a « 1 1 LuLalj (jK 1 u II ( _ ;r Lajdl Q^£.LLaJI AjUi-l JL3j 

(jjSLj (jl ,j£L«jj . Pasturella Pestis q Ju i uj ^Ljjj". .iL Ljj_uSLi 4 j 1 1 iuj i^Jjjs (j-a 

JjLj/J (j- 3 5JLt3 A \i 1 nj jJLkJ! 1 a 1 a jj-tj djLJ^a i_l!Lj3 (.P 2 ^ J a »" 1 1 j mi ill 
. Jij j_jJLi 4jjj_jj u/-\ lL1j~uj 4j^Juti! =L>.jj_i ■ La j gj ^_jj*^JI 

(j-jj-JI J-jl jVl (j^_LSLjj_aVl jl jjJI j^c (JJjJ 3 *J^' a ^jLS^- I j-* J^i' J 

(jl LaLa_i jj^ 0 La \ f-A>$ i J u ^ > ^\ N j * j 1 1 ^jJL>JLi 4j^ltl (2A*=a LLa-J I 1 1 1 j 0 gj| 

H In" l_*^-4_LJ*.^Jj T L ; J! t_!j_>J! ^1 .*ljU 4-Lt-L.tla "tcLla (jjSLL«J V 'jijH 

(jLSLal £_a id 1 < q IjjU-i^ L*jj_<j/ imJJJ-«-JI JLjJlJu Lkij^Llo i . ilLajJ-A^JI 

lj_A (j^SLi ^jt ^>.jVIj .0j_Ua (^_iJ_L1 (^-tlal^JJj 4_j_tla^J1 Cjl^JLlI jun>j 
'"'I'l caJllj j_i3LiL«JLi jjLjj Sjjj'i'n jll (_J j JL«J! <. ilr I (j^ 1 Lu/jj-ii t_ijj£Liil 
(jl (j^Lfljj .SjLc 1 "'I 1 "jj j-jJI jjLjj Lj-Lu-jju La^i ^jj-u-u Li^-Sj^pJ! 

(jjiLJI ,j-a j-j^I IjJLc L-tjj aj I j^j 4j^/ III Ilj ^tH* l?^ r U "JJ J ^ I j_A j mi" ij 
(j-oj «LU ji aI «-LaJI Cj^Ij (ji^- 5j Laj 1 nil qj» j-ui£. \ 4-lLc 5j Laj 1 nJI ~ J ' ■"'"j 
Sjijjtj i_ij_>JI Q^'C" 1 iij . Ltjl m"i il JlJIc 2_'l LaXI ^Ij^AII jl CjIj mi-»JI 4^tal£La 
5L3jjlII j_o j_Ual^la jjlie^s ^LuJ\ ^LljV d_JI ^Loo La JSLfl '. i_kjJLClJI 
. (i_3^to-VI (J£ 4 iil"^e-a 5JI 1 u a ^^ij^JI I JU» Jia (Jl <i<" 1 nl q\£ ■ '--tl 

(jLi tiJJj .* )j-_>J1 ^_j_t-a jj-* ' J 1 ' " 1 ^LuLt-u-i! 4JLixa Jjlj-m^jJ-JI ^J^t->JI jj-a 

I 0 j rt i^Lo^^/l (_paju ijr 3 ^ilLa-a ui itl q n i-»J1 ^Lo_lI V^JLt-a VLalo^l t-ill-LA 
( _ ;r IL>. JLjv^j V 4_Ii 11 La j 1 11J 1- 1 j 1 nl LCjLa 4_jj>- jJj^Li! I t_!j_r»JI ^^l-<-u (jSLj 
I JJt j ' ' aj .i>JLUa ^ij^ 3-C.LLa tjK 1 nil (j-a sLLa jJ OJ^i * O^J -3 fj^' 
t_t£^SLII ^jG (jl-ljuXI 4_o-Ll (j-a-(jSLaJ (jr^' ^J 1 -^' Mj^*^' ''JJJ 1 a ^ .' 

( j-a ^Jj (^_u_u d LiLa Lil*^^ CjLiI^_j_>JIj jjjjLlII jj-a I— L^- La-t^aAxa LcLs 

jJ^LLa^l I r JI_«JL>.I tiJLLa j J i_i V-3 j I 0 ■> tl 4_o.Li]l (j-a-jjSLIj .(j^ ' 1 "II 

j;i^->"' qj se \ L-aJ^ clijl_A ^J'C i"itLb . 4_o*^J^_laJ I * Jj-^l ^^-*_o ^Jl 0 ♦" 1 

jLijj£Ll1.I J^JJJJ ^<u itj\jla\jl\ £g i^->Jj CjLijij^LlI.1 (^Ldl j Jl2JI 
«LaJt_UaJ1 Jjl^JLl (j^>* ' a II Jjjj-LaJI l_A!iljj fil^tlj 



7fl 



gauLaaJI OUgjS.i.nJI 



dil j ,2^c. ^ Ltaaj . LgjfcL>ot jj>JI <1sjulC _aJ ojs^i ^1 Jjjj (jl (jSLxj Lv^Lu/ 

L^_i£ ^j-u-o L^-^j u tj ui\\ z ^jus \ j b 3 * ^1 ^$JI L^lflJb di Li^^j^LjJL 1 <_ < lr L$ 

CjLcL-u tLul VI I j * (jSLa-i (jJ 4j| J Jljj 3JLitAJI 4-j^aJa-LiJI t_!j_>JL3 I jj- Jju 

^1 (^LlJI JLpJI oVL« ^Jl 

sLa- I i ii^M oJUt (_p_a jJiLLi (jl -(^-Jlj (j- J i^J^-^ * OihA^-" .4-lL«-«-JI 

c^jL£ L^jjj i3_jL^_i jJ-y ^LlujVI (JjjJI (_£jl<j (jl Li£ i Li>. 4j£.j_a 

(jS-o! mis 4_lojjj^>JI t_!j^>JI CjIj pie <u j»Lii&VI ( _ ;r 3 ,_^>- (^r^- oLa^SLaJI 

jVI Ljj^j) JLflJ 

Sj_u^ CjLjL>.I liJLufcJ ■ d j t> i nj-a (jlalj-a^/l (j_j£ ^yfl <■ . j i nil (j£, (Jjl i n"tl ^1 
3_ljI jjJI 4_UL>. u I r JU_Uj cUiLuIaJI (jLuijVI 3-^Ll*3 : Jlj i nil ljufc (^lc 
JLSj . ( u I ii < II J)l ^ -vVI I i «l i>ij) I^ Ut'ij J)L^>.yi <j-a o'>" Cr^-J 

I Jlj*. >LlLUs >LJj) (jVI (_y-b>- ciujjv! (j-lll 3_lUj>II cijljLai.VI J£ c^ojls 

(j_a (jl J_jj_j -Sj-!tj SjjJajJI (jl LijLia 4jljLSJI 3j£LiII JLuQ] 

(J-j-ta-i ' ; ' l-"J II J^?<J' tj' J-^J^' (Ih 0 J"^i 

Ljljjj iS« LuaVI (jja sLUiiie-La =L>-jJ) (J-«j3 lil! j^j i j)l jjJI CjLijij^LjjU 

w 2-Llu j Lajal » I " ui 1 1 jl j'tl CjLcLj/J I jUj >I^JI (j5^ LaJUx. dl! jJ 

(Jj£ 3_jjLj>Jkl 4_j_>JI cjLi^SLlII (j_o j-j^I cjLcjj>. cjL«Jii><JLI ( _ ;r 3 (jjjLJI 

La (jlx.j-i_o jno Mill ^o-Us J .(^jlajJLL ^ ^" «1 * ^» t iL^j^ dJJjuj .CjL^jVI 

I J I 1 5CJ LoJUX. 4jJ)L«JI Sjlj^»JI CjL>.jJ) (^ 4_LU3J_LI CjLjj£LlII I. ilr I (JluflJ 

I La j] CjLjjjJSL_lII jo_uIjj>- (jL^ (jlj) Lujj>- <LLfl^a Cjlj_iii3 sl^JI 

^LuSiVI ^ 4-ij- 1 oAlA\ 3>a SjL^iVl (jJI u i m njJI JjLUI jiiVl j>^»£3 • (Ij^h^ 

*1 3-^-11 jQ-J-OA-fJ uLdJ Jl 3^5^ ^ » ^-JjLua-O ^1 JlJ>**( 1 ill (j£L4-lJ ■ (j HO Mill 

(jr^ (jr^J • ^^HJ'j^jW-SJ^i^^ 1 'j-P^ 1 1 3 ^i?- 5 ^' jjLuojsj CjLlLsjlII i— Sj-C. 
(jlj i4JLt_iII CjL>.^oJLI (_^J1 ^ j LcaJl (j-o ^Jj ^* rt jji JL>. ^-i ^ uulXI jL^-LlI ^ 
4_ujl>s Lj_uSLl JL>- jjj . Jl ^>.VI oJJb »(j i"i LjJU ^L>.jJI (JJ-itJ -iLCj V q\£ 
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(jluuUli) CiLigjS i.nll 



(jjjjSjJ! ((J-iij|j^JSLI!) 4 i i ir-i ( _ ;r a-30j CjLjLlIII ( _ ;r 3 I i eaj I Jo* 

Ljj_uSLJI OJLA (jl 5jl« i nil (jy^lj -5 <j-a • W 'J''"^ <_2^tj| (j-a Jj'jJ^' (jr^ 

j-jJj V I j I a 4jJlj(_U CjLijj£LlILi (J) 1 La-i^J .4_lUsj_o 3jL«J! Ci i ii J t 
. »l" uJI (_^i>. I J J i ii I (j-a I (jl£-a J^-'J' * ^^ijJLfl lLL) jjj . ja-uljo. 
,jja-3 d < i"i^fl (j_o 4_jJLc 4 i i ii ) (j_o 4-ja^oo La £_o (j ii <i i"ill 4jljIuIj jJjJIj 
^£ (. i 1 1 ntl 1 JJt (ji ^£ c_ <jj . tUxIaJI d j 1 1 (j-a (jl_aJL*_a d uiaj-JI 

Lu^Ca 4 Ll<i/ (j! 

.^jj,! c-JajJI -SjLJ! i^yia-*!!! (jjl La^j ill »llAJI 

OtjL^ L«jj ^_)_<j/I L^_iLa 3_aL>JI J! jo-^M ( _ ;r i s L-*>j j'^'l oul^ 

j i"i t £-j_Usj_a p J " (J-aLc w ;j $£5 I £jj_ajJlj . 4-JLc at j 1 1 n itl 3jal=>jJI 
£ 3^^' JLH-° Jaj-lai. (jl J-^>" .4-aoOj-U CjU-ajoJ,! (j-u (_£jJ-«J! 
j-a^c-j-j cix-<o. » I "i Mill (^ sLi^jLjc-lj i4_iSLaJLl (_p3lj_a^/l JSLI SjJj Jila-l (jJ-J 
(j-ajj 4JLjJL>JI J-a^^ (j I (^r^- . aL«-JI (J^ols L-a^j (j-Gj-a (jjjLJI (j-u^l_a I j^a 
.4_loJI oLjj|j_SL<_U (jjs (JLi. JL>. (jLij^l w l>" 1 ' ksj la dl^JLa .i_dJj£ 

Lj5 j_>>j (jyjJI Sjj£jlll gSJI cj! it ."ill j^yJI L ^-'- 3 c?^ '-.'j 1 " n o' j^-riJ 

(jVLti (jl i Sj " La-A^i£j njlo-^jHill JLuj/I^Ij (jjjj^l CjljLc. jjjj^ CjljLLaill 
j J ui? (j_a (jl^j-D. D.Woods j^JJ .J.J jl " i iiVI Jj-«Jj JuflJ » Ij-gJJ LaLaj 
(j-a 4-LaX jj^I ij^S cdJujt J I fl-i aJ (jl-Cjl_ijj£Liil « Luij^ (JL»-a »l aUtl 
( _ ;r Io. I niit a (jl^ (jJ_J CjI jri n'i i u a JL>.| (^ i>jjjis-a (^ «l ^Jl (ji <&\ uija) 

SJjji->J,I cjl_i^£_iilj ja-ulj_>JI ^1 jjI (J^ (Jj-i j-^ jjj "^rP* S jLaLJI ^pis jJlc 

^j^e_a_LI 4_2_i^3^La dcjL^ 4-j j-bLj (jl ^ a uloI (_g jJI <_cj-uJI (jlij . I 
jo. (jl jJ-lj J-Sj 1 (jJ_Ll (^ (3^^' Cr^ ^iW-^' AUal] fj i nj'ij-il 

(jl (jL-uJ^/l (j"i* 1 1 La-a «bl VI 4(_^i>jJLl CjVl_aIL>.l (j-a Juj-j (jJ-allll (j-a Sj-lJLC 
(jLoj^/l ( _ ;r 3 (Jiill A Ua-Ll t_y*JL2 jlj . 4-iILis-a 4_2jjJaj (J-a-»J Lulo. i a vl . aj 

L-i_jjJaJI (j-*3 iSLLaJI jjL%ax (j^ jo-l jju-aj (^1 «Lij^SLII jjs^j (jl (jJ-J 

fljjj g-uiXI jjoJI OJLA (_Ljfj-a V 4j i ..A~tl CjVj_Lll (jjs dLlj (j' 
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gouLaaJI ^3 ObgjS.i.nJI 



i"i~ 8j I i a II j^c CjLijj^LlU Ja^s- 4-ai£ jj LlLkJj -(j^' C^ 5 " 

(_g j L«_lSLI I ^^L«JI ^jj^j^ ^1 o-juL (jl J^a dUia 1 1 cjL*-«il>J,I 

jdaJlj 2 '"^.'jj^j 1 1 (jig L-JioJI w ' a ^j'j. 1 ^ 11 LuLcLaj 

( _ ;r 3 (jjjLlI! jj-tj cjl_ijij£Liil ojLit Jjl jGjj i J i a ij\ \jjt ^jjs ^Lts (j^s Ltj^i 

«4_u-£iis_*lJ1 ^jV^ i n )» (jj la flj ~- ) jj^jLlI! (jl (^J^-JJ * 1 jT^I ^ J (jl cLtlt-aJJ 

•(IhL^^W ^Lj^LiJI CjV^LcoJI JjJaJ-LaLx-l £ Lj-i>- £ *-2i>^ 1 ~Cr'*-9 *'-i- :>, ^' 

jim<" Cjl_ijij£Lui (jjkj i Lactobacilli q u 11 . .MjIiSLI Ljj_uSLi (j_a 3_cj_<5j*_a jo-ill 

J^OJ La£ .((j^aLjJI J infill lJ £ ^J^- 3 Cr^ '"^"'j) Cr^ 

Jj^UaVI (j^Lc 3_j j-^c L#ji 3j_&LtaJlj icLuJjJ J'C ."ill ^ a Ljj_uSLj ^q-AJI 
0 jla i§ J-iluj . Leptospira buccalis jj-ujJLCj Ij^jI i < n nt ^ a i n" j 
Entamoeba (3 "i 1 tl Lj-Lai) "j^ ^jt- i> L-LaLul jjfc (ojji^JJ-^) trlS' o' 
. 3-LjJ«-a jjjo- I jt^A^j cjLjjj£LlI.I JlcI (ji^ii- j^Li 4i«Jj gingivalis 

^IJI 3 ^ ■ U 1 1 ^1 

.^j^SLi ^jl ^iyi La LLa-uiai 1 * ^J-ujiaJl ^oJljtJl lj_A 
1 ' ^ ^ (^pal a -wVl ^_5-IJ ^>.j— l ^jl i i n^U ^^LjlII t j-ti^ i n**it1 ^jl 

-^i-*-^ Cr"3 ' ""'^ Cr^ Cr'j^' i. u-uJI (_L«Jj i L^Kji jo-ill Ljj^SLJI jnt i 
ji^l 2 oLijj£LlLI jljLC:! (jjs ^ La ^ic: l_JUtlII ^ JjLtJI J ui^ 

^JLuaj Cj Li jij^LJi I liJJi '. SjLjJlj>. 4 j '<ij-a ^1 J-il JJ glo Lx-a 
cLt^Lit-jJ-^jjj^aliJl a 2 ' {j\ . Cj JL^t_) jqJ t j-ti^ i n**(t1 CjJL>. sil^-t-u il_tl3Laj>.l 
Cjl_lJ)j£Lj_a I j aj *" (jy^-Jl j^^La^^LI ^jLu-u^/l 4_ajL2_a ^J^tL?e_l-3 Lj_>J 1 Sj^o^Ll ijr 3 
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(jluuUli) Olj9j.V1.nll 



(j jjj I a II L^lS a a h LuLLajjj tfLJI j >l ' a a t-AcI (jl jVI i_3jijjlJ»Ij 

j^LJI (j-< 1 "j j~t I jjjj 2 lAa. (jl-t_iLjSLI! I jut jIjlc.1 <j-uv-3Lu/La Ljjl 

(34) « . ^ 

. 4-JL>J,l oLlU j 'I La a Sj^ifl 4-u3jL«-a-i jOLiUI (_Ll>JI (jl_Lu/l (jj(j_aJLj 

U J 1 I J-A (J^ 3 .'j • I"" 1 - 0 (J "J*^ O"^ V ^ J - S ^-^' Ct^' 

Jl 5LLSJ1 ^ SjLb 

(j^La^/l (jlr t_JjLJJ . I J * a V (_5J.II t_yj£j£jj£-Jua L_)_uSLl (jlr Ljjljlj^l 

(jj^-J (jl (j1_aJ_SJI j—lL^al (j1_l Loj (j-tlaj^L^ (Jj"*-'' jl>M ^ 4J a ^i}^ 
(_j_3 CjLjj(j_SLJ,l Jo Liu (__,JI 3j_uai,l (Jj"*-'' i * J=t ^L) f^J-'J • v — 1 WjU^Ti-^W 0"^' 
(J^Ls^M JlcLcujj CjLijj^'C j 0 It >l 1 a a j xitj (jj"^' CjLjt^a a » j I j .JjjjiJI 

JjjJ V Jjj-jlJ! o^Ljj-oj .SuKJLi 3JLjl3 c. . ,,A Lj-SJj Laolj^l ^ 

(^yllll CjLjjij£LlU j_a_i £-la-> 1 - * jj J la rt (jr^ L^^-*-* 0 l-a- 1 !^ 4JLjJL>JI (^^3 «L?ejljJI 
Luj/l3 4~uualaj (J^jJI * <— ajLoUl ^AJaJ ^xisjJI i_i Li --jj . sLajljJI l. u i h~ 

(j-a Lu^aVI jj-uj 4Jt-J,l 4^LiiII (^ j-a-u Ljj_uSLlJI jV l-a-ijj t*-*-^^" 

Lul . J I x 1 1 a (__,-fl> jl ^-flJaJI <■ 1 1 1 n" (jylll (_j-fl> LujjsVlS .J^jJI lLJjj 

(^-^ (jj-Aj i((4_j_t-ait_ilxjl CjLijij^LlLI » (j-o 4_*i_ila£, jljLct £_o (j"ij* \ ^ 5-iA>JI ^£ 
LfJyLj, 1 <H 1 ,n LaJLl^. . t- cLjtcj_a ^ j 1 aJ La-ilj . SjLUs J-i^ SjJlaJI Jl ^>.VI 

(__ r jJI S-jjjCjJiI CjLj^^LjIIj (Jj iSjLtaJI j^lC CjLjj£LujJLI (J-LTe-iTjl Ij^J 
(j£La_i ' * ^ 4-1 1 i u a j 4_j_uojJ,1 CjLj^j^LiXI (^yJI (_£jj>.i 3j-a JjjlJuju l_L*_a (j"m»" 
. Cj Lj Jj^-jX I jj-C- JljIs 4-ij-LiJaJI CjlClSjJI (jutj jl 
. jLcjJI JL^ JL_La (_p3jJJ w 4_LL»_a _}1 ^jk^j jLj-l^/l (JJa JLaJ 

CjLi^_> 1^1 Uj jL>J,l 3j_<i_3 [jj se 1 11 «j , J .^.^ VI CjL^a^LiJ 4jL3LiII jLjVIj 

-(JLl>JI ^iii) (j_a LJLc (_3-fl>_9"(jl ^_h>»JI c^lj-^'j cjLu3_>JI (^yi^. ^ ^ 4_jJ^t£LII 

. I J_A L_Laj_) (jl^. (j"i j * 1 ^ jji Mill ' Jajl (^y^ (^3^ ' J ^" (j-a LuL>. (Jlju ^> 
j-u^ ^JlC (^yl^. j ui£ (j_aLxJlj j ui£ ^_jL_oJI (j^_ij-aJI (^^Js (^j^JaJI __^j_>oj 
(—Sl—Lt-al (j_a 4 jlr __$jIL>o La (JijLa-i i(_pajJ,l ^JL*3 (j^JI 3^-^^' (—sLlt-at (j-o 
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gouLaaJI ^3 ObgjS.i.nJI 



i_jLi£ ^^.a j i n j V \l ^-i - . , a a (j^ ' 1 " J-i-a-C^jLi^J JLSj . d j ^ i"itl (jjLJa^l 

^jIoLlI! 5 * ! i t i ^Jsl ^JLlI (jj-*-^ j-j j-^j 'j ^-jL_oJ1 (jjJill ijr a ^y^JaiJ 

L^-fl-i a J J I j a I .^."O jljj (jXJj . i_d_Ju M-i j^Lj 3 j n uill 2j .Utl CjL>.^L«JI 
>j uj C £_*_uLLJI (jj»JLJ1 3_)L^J (jr^* t 1 ^ 3 I J-A ^ ( ill JL9j . ' ^-jJt-Ja (j^laJLq 
i ( _P=>j_U Cj! JL>.i i_1Jj£LlU 2jj laj 3^^' (l>i»Jt dil j iJ ^S: £-LS/ LaJ_t£. 

JJ J k 1 I J_*_a i nil (jL£L^ 4j_AJ_a 4x.j-*_uJ a i 1 2IS 2jj * >.« tl ^Lui_jSLI! C^jl^J 

CjLjjLijSLi ,_p2lj_a^l joSLajJI joi^. jjtj '. Chemotherapy (_£jLa-iSL!l ^!>L«JI 
jsJLc j_Aj n_gjLs_i£LII jjAjiJI j-il j-A Poul Ehrlich j-i-Jjl Jj-j J_«Jj-4_i£.^j 
606 606 j-iJjl ji Salvarsan (jLj/j-aJL^ jl ac 43Lal mi'^I < lax I (jl£ i^UT 
Ij-^J j_ljvjJI ^^L«JI (jL£j -lSj-*)-" ^ StL^o^il Lgj-II Ehrlich 

<~A ^" t t ^Ja_jj - J,1 jJjL-lj ^Jt- J_£^_a j-jtc j J-^J"ci^ L^J-^ 

Lj_uSLi JlLSJ 3J j Sj a <u^3j^ llILLa (jiul^ (jiajjJi! (_pLc I jla . 4_aL_oJI 

a c (_j_3 A il ,~„ * i \ aj a | , ( _ > ia_jj_Ji! -I a uij (_£j_&j_JI 

-^jl (jl _a-p. diii uj (_gjJI ^j-JI (_p3j-a) Trypanosomiasis ^ iu . .iL^j-t^jLjjjJj 
-j j Jlj>JI Jx,Lj_u (jx. ^_j_LjJjl ^ o mi dJJjJj . £e_ujjJI (tjjjj-^jLH 
^oj^o diLiLtdla JLua VLjl^ (JIa_) ^t_u jj (jr^- L^J-^ 0 ^JJ ' 5^La- > * ^a 
jL2_«JI (jLt-uj-aJI i ii II (jL£ ■ (jl i ii i^/Li LSllS J^l dUj fj - ^' 
cLiSLJj ^J-^l O^J -3 J-'^' l£J^ (j^i 'jLpa-^U 4^1 n" i nil Jju (jjjjLjJI 
t_t_i^>aJ Li (jL_oj-oJL_uJI (j^jj Li-iSL1 1 (Jilaj^ « (_^j-AjJI JLua 4_jJl_jLflJI j-j^1 Ci ill 

H2N 

\ 

UHo / \ - - -1 £ \ Oh it 



NH2 





- : V / 



(j^-LJV £-*J J**'^ 'II L^-a JL^-"i i ii 1 (jl^ i <o^M (jl ^-LjJjl Jaj>.2 La^ 

. 4-itlj i"i_i Ljj_uSLJI L^-Laxaj C^j^-j^>J,I C^»«j CjLjjj^LJiI tfJUk j glaj (_;^>-! 

( _ ;r 3 Lg-al J-geJlxiil j_jl_>JI (j_a (j njl^l i3-aL_u ^1 i io^/I ujut jJji^- <j^-al I ijj 
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<Liacla ■ oJI ^jj_>JI £^Lc J <t1 1 n" C-Jlj La » I j ri i r-i 5JLu^3 j-^j Acriflavine 
^Luaj ^La 2jn i. ill Sjujui LgjSJj i cK i \ 1 4joS SJjLs i jL>JI cjVL>.j 
methylene blue tj\ \ j"i U uO-^^" ^ jjlqVI Lai .^^jjaLJI JLaj<_u-u}U 

Laj) Lc ixLu/ ouL^ L^JlSLlj iCjLjjj£LlI,1 Jia ( _ ;r a cLlLcLoJ! (_>^*j cm r>i jJia 
1 j_a ^jJLj £jjL> Domagk liJLajj) «.!_>. jlsj .(LjLp.? ^>jLir" . ."i C-Jlj 

Juu3 1 JLa- VLtS (jL£ MjjJI JjVl (^jLajSJI £>L«JI (^ic <da-i^l3- JUC oUoVl 

: ^gjLijSLl! 4jj^j3j Prontosil Jjjaljjj-i jl jjfcj iLj-uSLJl 



3j)l_a jJal^aJI jjSLj jals '. 4JL>. 3jLg-a ( Jjjaluj|j_i!l 3L<Su ^jjs C-JL>o jJLl 
(jl (j-a tfjJLcLa_aj liJLajJ) Jl^LJ jJsj 4Ji_j-La_ll «U ^L^ ^Ij Sjala 

CjLjjjj-SLJll I l a 1 u^La. (jL^ (_gjLa_iSLll ^>L«JI 3j)La ^L^Jl J-aLtJl 
1 J * ' «a ^_a t— mm^VI 3jLg_a C-JLL?tJ jcj . tj^alll 4_Li-aL>. ( j_ojJj 3_}La-LJ ^ ^JLll 
3j)La ( _ ;r jj3j_l.l J-J-^ (jy-S j "i^" J (Jjj^ljjj_jJI (ji j U Ljj_t£. LaLljjt 

: L$jj£jjj Sulphanilamide j-ia^Lul iil . 
t^tJ-.o NHS02 ^ ^ NHz t^U 

4_<JL«-3 (_p-a C-^jL£ I j Ij ^ i"i 4ijj^aJI d j uU V i_i£j_a (^yjtj 

Sulphonamides j j 1-vjVl jux. Ju^alj^aJ i j jSI ^ a , CjLjj£L<1I J Jo 
:^L«JI L$jj£jjj Sulfa drugs,ji-J^J>a^l Jtix. I , ,.tl j jal Zr-^ 

jjR NHS02 ^ \ NH2,-*;j 

4jLaJ^ij ^Jl a_c ^o-a^e-a 4jr IljLa ^t-J ^-Lp *^JJ^ CjLc^_a^?e_a R j t — ^rP* 
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jLu ( _ ;r 3 aj t ji i a ^ *L«_a^/l ^yfl (J-laj Cj!j_lL>J,! 

oLijj£LjI! jLUs 4-<JIjl3 ji£l I al i ,itl j-l3|J1c O-jL^ JI_j3»Vl p la » a 0 a j .ajJI 
jlj_U (j_a (jl i ii i^U ^ J a mi (_Ls I I <j ' a J-JJ^ O^J • (jl i^VI ( Jjjj^- 1 w J>^ I <J-° 

j j a I S c Mjjd! j-J^/l 3j_£l jJI ^1 Jljjlj (jl j j i nttl (jjsj 

Lxisjji i aj (jl m^jjjJI t_iL^llVI dJLijI jl . 1 937 j 1 935 (^Lc jj-u I n\ . ..II 

iCjLj-SjJIj CjLiLi^j^M JjLu-aj a j 3eJ La^a MjL* LUsLaiej! (JjjLoJJ! (_j-a^>- 
(j_u£^^jjj-*_o Ljj-uSL) (^jJI £j>.jjj i3_aLc p i n~»J1 ' u-L^aJ (_£jjlc (j^jLoiJI (^j-a^-J 
«Lui 4j iLL-a^M CjJijo c^jl£ La LJLcj i Streptococcus pyogenes (j^ii^j-u 
2 aonaJI I r}\ i .ill CjL£j_a CluL^ JlII .SjVjJI J-t£. w a ■ I (_y3 J^L->JI 

.MjjLajSLII gJI » a It I j < — ■ 
j j 31 a_«JI tfJUk (jl : j_La Ja-ii uj JjLcaj »l aUtl (_£jJ (JJa JLaS Ij-A £-aj 
J_Sjj S LikjJjf (^ Ijia* <L«-jlj CL^i\S (jjl I jLa-Ls i^Lu-aVb 3<j j j ni ir. i ,nt 
^yfl J-aJtj (jL^j D.D.Woods j-ijj .J.J jlXuiVl I j A ~<l j^lll S-iLv^l k2j«.L>. 
.j^jlil j-ic. (jl^. iCjLLuljjVI (_y3 Sir Paul Fildes jli3 J^j j_ujJI Cjlj-pitA 
(_)_«_><j 3 jl_a (_£ ^ILa_j j» jjl J i a a J-J-a jl j_U a « J (jl j Jjj ' a uilSl JlJLs 
LLa-j-mJ c_^j-a l_£j| >■"' i"j iSjLtl j>JLA (Jj-^. pJ . Lol_*_aJ1 J_Us 4_Jt_j_La Ljj-uSLJI 

: sUj^jjj Para-amino benzoic lLLji^-^ j^LaljLJI "I a. i.nj 



■*i f J HOOC ^ ^ . N H2 C) ,Jj 

(jiiaL>JI I JLA (jr^ (3^° ' *-3}-" La J-Aj) t_! I t_! : J cLi-iJe_*JI CjIj_uQJI (j-aj 
3Ja-i-i 5L>.L>JI OuL^ LaJLoJI (jj> '^J'".' jJ^ tiJlia (jL^ I jl 4jf (ljL^o.1 

Jji^ dJLla (jK jj (jSLI j i Ljj_lSjLjl (^ic I ril I nil JJjtj J jL«J (_^ l_J f <_! ^jJI 

I JiJj . . i_J I i_j (jjs I ' aj| j-fJ^ (jr^l S ^>-L>. dJLijt CjjL^s I aj i iJI (jja j-fJ^ 
La^ . CjL^S-JiLi (j I «jj Laja LoL-oJIj t_i I t_i (ji_i (JjlSLlIII (j_a Lc dJLut (jl 
La_LmJJ ^L«JI t_x_i^jjJI 4 j hm i_j I t_) (jl I i aj| j^JJ jLl<j/^M Jaj>.V 
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(jf I i i^ij^al Ijl ■ a aj 1 1 j j i milt 4_JLlII 3ji>ij-aJI £jialj h>I_LQ£ 

cjLijij^LlI! ^Lol LaJLoJ! cjj^Ji i_j ! <_j ^l ^Ll>«j cjL^SLii! 

VjJ I aj i "II JLy" i ill CjI-ijij^LlII (JjLkjJ (j^s- I t_! SjLxJ 4 j Mill SjUJ-Ju 
(jl j^Jj^/I . jjLLa-Uslj (jLlj*_Lij 4jjJa-JI tfJ^Jj . Lfli^xj i_a2j till jjj i Lg-La 
cLuLJI 4j*_lH!Ij ii La a a Lflij^j i_sL2jV Lx-ilj iCjLi^SLlII (JlLaJ V J^>-j3 LtLvoJI 

i_i 4_cl i ir-i (j-c 3jj>-Lc cjl_ijij£Liil (_>^a-»j (jl-^L>-l ^>L>.Lc (jl-o <~j i " *i-jl 

. j_«_iJI (_L>-I <Ll Lfl>J_Jtj(j_j J-a^l (j-g. ' 'i_ij l£ ^l ^LLso lS 1 -*-^ M' 

.CjLi^£_iil q « ■ I 4-u_axlL> .j* au.iall Jix-i i_j I i_i (jl JJ-jj ^LuLUI 3JL>JI 
I aj i "II . 4-*jIj 5ja i <aj (j-u^liri i nVI (jjJLfli sLxj^j Oj-U JlSj 

ta »" j h_JjjL«JLi i— il LsaJLl (_}*ajj_U (^^ La>j^-i i_k3jj Lx-ilj i Ljj-uSLJI JUSj V 
(jl ^J-J-II i_3^j(Ji.lj . La>j_oi L$-l3 ( _ 3 -fl> (^JJJ 4JL^-a i n-^JI £-LajJI JjLu/J 

(:LuijSLIIj 4_ujij£Liil 4j^ij>JI cL-a-iSLH (jjs (JjLdi ^Jl2j ^1 ^ au-iaS 

«^U~,„". Vj^lII 4jjjjJI tLuijSLJI (jJjLj-o ^1 jiol j i4-oL*JI 4j^jjJI 

LuilaXa IjjJl>- I^Uol-SjJaJI 3-o.LcJI (j.a-t_al miTsVI ^jjz jLSj . L^IjLlli (jl Lia> 
j_«_cJI J-alj-CJ oLLusLLloJI £^jjl (jl i n'lVl : J L<i_iSL! I £^L*JI 

a-)£ j II w ' a ^' i aJ (j I taj i a" iCjLj^SLJLI L^jJJ ^LLso (^ylll 

L^_il J-^'j J 1 J ^j-^ ^ tfLji/^/l a . ^ . ^» y. 1 1 j_^iiJ,l sUlI j^^a (j o i n"j) 

iCjU^j£LJi! 4j JjlJ j&jW ii^e_JI (jjs 5>^3 CjI m i mi -sJI (Jjljlj CjLujljj^/I 
I o £ idiLj^j-LI (j_a ol u a la-tall j?l i miIj Cjl_Lj_aLLLaJ1 < uu£^l 

-jl_Lli.V! t_x_i_iLj| t_ijL>>j ( _ ;r a-oj-Lil Lo ; 4jjj^iI! tfLji/^/l j j < a >■ i 

. I A I , ,, II I ^"j ^tAi j^jJI (j^LuJI cGjjJaj CjLij|j£LjJ.I j^j (jr^ 
J » * c J * ■ ^ T, I j j al ^«tl i>j_fl> ^uij>. (jt (Jja- i n i (jt 4jj^- i nil (^^Ij^ 
d j n i nil Sjujuiu O-il^ Jul3 . (_gjLijSLI! ( _ ;r 3 Jl>. L^J Cujj ^aJ-^l uj i ill 

tjl uuVI j»J (jL^ i LLj_a-o Ijlj-al L*3j_a3 K tl C^jl^ jf (jLuj^U 

Lj^_l1SLjJI (jl jl j_jJs |JL«J I «UjL»j (_g jJI (jusLLLall ,jji J^lj i n'lij 

j j al ^ . tl l j_ a jUs.lj I." i j")l Jl^J (jl allUall SjvLs. La 4jJiji1.I 
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((j^^LajjjjJI) 2 t_i <j1_oLLi3 o\ i iSi? ,j-a j-oVl j gla JlSj .(J^U^^I (jl<* 

(jr- 3 (j - ! *i ">-Lj-1I (j-a (j^-X-i J-Si . Cj Ll j|j£LlI I (j-o J-JJ^ 4_l)J ^LLkj (_£ 

(jJjJi^JLi jLo£. 4cl_u^3 (j_o 4_jjjJa Ij-j-o^/I 4jjLajSLI! i 111 c I * i all 3£j_»I/ (J-oL«-a 
jl rittl I jut o^J i3 iil~i^ca taj al j uiVI j^jJ£j lilljj j ill ^ Paludrine 

IJl^j. J^i-ij (jl£ jjJUX: <GSL!j . Ljj>UI J-Ua 4_JljtiJI JiJjui 

j«JLc (j-Lc (jjjLlII <■ .lr I (jl .CjLLu^HII JjIjI liilj O^i iLaLu 3 ii I" ^ca 
J I Co j Laa Laj Lajux. Fleming g I n fa d jlr i ^j^j 1 1 n Ixll S_t^i2j 

J i -»'» g i n la (JjLs- ' ^J^J ' L^LiI jl I Jljj 4^jj£LII LjjjSLJI (jjs 3\cjj_o ( _ ;r 3 
L1>.V (jl£j-i«Chin (ji A"» (jl ' "j^J gl^"<* I (<u ' J "faj 2 IbtAll 

Oj-l}| ' "j^j iSjLU (j^s^Ljr" ( ill ( _ ;r 3 J-^JJ id K i"iU (JjLu 'JJ a ■ aSl J-o-tJ 
' » ' 1 ^tj'^-ll till j (jy^>* <— S^jjla j Lz£. ^1 (J)^-^ ^-*^J 4jjjjJaj L^ILl11jl3 
SjLa^m CjLjVjJI ^1 ^Lu^l (Jj-><-i ' ^J^J ' 'JJ * ' I (jr 3 (j^l" CjLUsLs. 
4j*_uj (j_o dllj L-cS^I Laj 4_uli]l 4-lIL»J! i_1j_>JI jlj n" i iiV lj-!a-i 'LjiSLj^j-a 1 
(jjj-S-^J |_ajjj,j I^jlSJLj (jl t_)j_r»JI Jjlj (jl.uLLajj^JI (^i^- (jl^ J-i3 1 4^jxjuajg 
(j-U-mlxJI ^ i i^->l iLilLLA ^JJ 1 1 <Lcl Ll^JI (JjL_oJ I ^-ajL^-**t i n i (j?^* 

C1jV>L<j/ jj j la (^Jl (_f j| tLflljLir" i ..I (j^L! j . t_jj^>J! Jjtj joJUJI ^ L»jLi/ 
d l^ajI aJJb (jl . jLojlJI 1 JUjJ fit_u_uL_40* i^y^ (^j-uaj-aj (j-iliuixxU 3_ajLa_a 4j^_uSLj 
j lull L^Jj I ii ulIj '. Lg_i (_^L>. t_iLj^ ^LLso a < a all tfJUk jl 

. Luk I ;Aaj", , ,," jj| (jSLxj ijJLut^lj 4_u! jJI ^ « i 1 1 1 j ^ j i a se ui II (_^>-l J-^'j 

<_ajjtj cjLscIiU ajjtj ""*ljj IaAll I j •»■'*' ~ (_ 3 jJI cjLaHill jl>.I (ju-uilxll (jl 

tfJUjJ (Jj>-lj . Cj Li jj_)£LlU JUJa 3jja CjIj_uG L^Jj . ^^4jjj_>JI Cj! jLiai! j<u-uLi 
^Jl JjjiJ Ljj_uSLJI j lOLjjJaiJI (jV 4jt;uiaJI ^ oLjjJaiil SjjLs 3ji^ljJI 
,*ljbL!l £yt ^Jl 

-Ll3jj>. 5 oKtl ^y-uuj-^^rv^-^' c^lj 4jj^^1 f 43jj>.i jJI 
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(j_a t — i lj c ^_ ' '* ■' '"'.J J J ■ CJ LlJIJ SL-Lftll 'I 1 ea 1 I Jgl ullll ti^txl! 

: ( _ ;r _fl>_j ^ j 2 j 2 a. 4_o_j_3 I j 1 4 " 1 11 j se ' L^Jba (jL£ 4_j^_i_>JI CjljLUa-U 
Chloramphenocol Jj * j a aljj K tlj Streptomycin ^ . jLajJLij " . ..VI 
(J-La-aJI ^ jii^l I j ic ( _ 7 So.L<j/j .Tetracycline (> K_ . nljlilll slcj^aj^aj 

j 1_L)JLJj . fiLoiHjt_a jjjJaj (J^ulj I a - l o t* . L$j| L^t_Us1j jJLuj 

. 4j^-j"r 4_jjj-Laj LaLi^L>. jJ^>- jj-* Lj/J-^-^^ 4jI (^yl^. (J*lLuixx1I 4JL>. 

iCjLi^SLJi! JulC j JlS\ 2aJI iLajlJLa ( _ t 3 ^-A^ (J ^-3J t 1 La 1 iul (jl l_Lfl> ( _ ;r i_Lj ; jj 
I j 1 ■■ a ' I (jl CjLijjj^LjJi! , .." ,^jloJ| J . ^> Atl ^__g Vji I j~ a I '« jLSj 

till jjj . j i 1 r-i CjLcjjcj I vl . ^ I j| 4j^l>J! vl JaJ Ij LaimllS jl! Juls 
t_>^jj 1 II (_,U< 1 (jl-jJsl jJI j_i3Li«JI ijjut ^1 jJti<j/l JU£.-ja^J.I jj-a (jjSLj 
J I LJLc 1 11 U IjLfli w 2 ■ ' ^<u 4j! J-J! (_ r 3 (Jji^tij La jJ^S jii>i^ 4cjj>. 
(jjs JL>.!^j «L>.^Lc Jijlj 3 JbJL>. (^jJijlj <_ m ir-ii j I (jiajjJLl (j 11^" il I jLa . £^L«J! 

jLjV! (jl jj) j 1 11 JLSj . Jj^/I j1_2_«JlI 4_ajlJLa (_JjJj>J! CjLijj£Lus (jj£j 

t_!j^>J! «I_LjI (j^4 _i 1 11 tl (_p3j_a ^!>L«J LaLmJI (Jl m~ 1 11I ( _ ;r 3 (jj I j~ U 4jjj*jJ! 

V . LoJ^uJIj iu^sJ! obi U (j| ^ 1. 1 j ,,itl jj* IjLflij .5lJi1!UI 4JHjlII 

Ljj_uSLJ! ^jj (j I jJUjj . tljjU ^ a 1 oj J-i*J i_3j_i^aj (j I ^ it j i_i i_3j_^aj 

(_ ;r 3 L^j^LjiLa (j^. d Ah-^. ^1-^ ,Utl ^^L«J| ^3 j j (_jjj|j i(j^ 1 1 alxU 

I 1 gj 3j_o-^/l (J-lLuJI (^yS (jSLal Ji^j .(J-lLuiJLJI ' aljj (_ylll liJJj ( _ ;r fli-j_iIL>J, I 

V Lj_jj-j>. d a 1 se rt (j^_L_u_uJl (j_a ^1 <Lcl i to ((jjjjL_aJl (J_t-£iAll (^y^ (_£j-u_u 
.(_gjl_«JI (j^lmJLJI ■ klxj i_gj.II (sjjj 1 ^! tpenicillinasej j ijl 1 nijll q^jjCu 
dJJj ^^r^-J liajLall 4-Lt-LjiaJI CjV^LoJI (^yS jjjj SjUJL>JI CjLaHil.! oJLflij 
4_ajl_2_U (j^-I j-j-3L2jlI! tfJLfli sUaLx^aj Lisjjs 4jsjL2ll 4 K i"i a (jV! C^JlJvljJ 
(Ja. Jl^j . Ljj^LaU SjLUal! j_i3L2jlI! (j1_i Syilaa. 4 K i"i a ,_Jjj>.i Sj_a Qje^Lal 
^LJu (jL_x.l_u^s (jljLa£.-Ljj^LaiI (_g jjlii'll ^!>L«J! jjtj-quinine (Jita 
Chloroquine (_>j>^Jijj K tl l_a_a> 4_ijLjJI 3_jJLL«_! 1 t_ij_>J! jLLa I ^ j tl 0 »*. , ..I 
(jl-LjLSj-jjijjSJ! <_3^ii- (_,lr-(jljl iittl (jljutj . amodiaquine (jj^SLjIjij^^/lj 
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iJ3 _3 j-jjl_a_i '"'j j la (jl ^Jl laJl £ ^_*_u . ^ Lmll (j- 1 ^^^^' (J^-^* LojLa 

I j i ajj a£j Jjjlj-J! JLcLjj Lg-Lu \-AJl£ SjlcLiLa (jSLoi (j-a CjI h" mil ■ t— ■ ul a I 

<_ ' i n-r^ j-iaLajJl tfjufc f^jLoj « \S3'^- C^l ^jLijllj f^^-^J 1 J S J ; l^J jj^LUj 
I JLA (^yjj/Lj/V! (. u i nil (j! jJljjj . I i aj| LgJ cL^jl ui-ll j jal ^. II ^jLSj Lx-ilj 

ir. x j i^i? jlsj .^jIjliI! ^ j_^Li«jM JLud^l ^ JL-a/^l ^1 ji^ju UjJ 

3_ajLiLa (jl j)l (j^LaVI (_y£ O^' ^JjO- 1 ^ (^JUjlajJI (jrt_Li£L!l ^1 3j)^j<JI 

j j al S-«JI 2_ajLiLa j^^jJI CjLXjjua] JL3J . I Jo. «jJ>Lj tj\ju£H Ljj^LU t_!j|j^_La 

.(_gjLajSLI! ^^L«JI ( _ ;r a ill L$J^>- j^j-y ch^' cjLc.jjIsjJ.1 (j-o 

vj^»tl ^ SJjLfli Cjlj-oja-dJJO (j^s («-C.jJI (jlr-^jLa-iSLII £^L«jM j-oja jJlJj 

SLgix-i 4 j uif-(j i^-iU.1 j la ill jux.-^ Jaj-U jJ-jjj -iJ^^I (jlf (IjjjjjijjJI) 
(jlji 4_j^/ <ji_oLc 3j^° tjLt-uj-aJI i ii 1 1 J-Jjl OuLs 

iJJ _a 4jjjLs jj-* 3 (3^"*° tj? 4 -*-^ Hata LjLa fi LL»-aj ^^11 o^J^ ^"'4 rt 

cLajvlj O-iL^ j<u i Lc, I j i <3 1 I j a i a I aj i nil j-iijLiix. Cjj^Jajj . (_£j_fl>jjl £^Lc 
i LaLu L^jl ^t-a mmI! » 4jjJaj Ci"i u]j . <lL>.i £ya ^* ■ aj j«J Lij^ 

J aT-dr; LmJbJI oL^ jusj i^m Lijjlijl lil LSi- SjlsLi ojl^ LgiSJj 

(jl jJl <_i Laj>.| (j_a till j) ^-oj i L^-Lo I a uiJal La Jjij ^jjjjJI \l I 
4j*_i_Li j a " a ~ joJj . (_gj_JoaJI jjji1>JI ^tjjLj ( _ ;r 3 » Ltaa. V I icLu^s ( _ ;r 3 SL^ill 
^LuijSLII j i_JaJI ^ Lo^ SjljIjJ! j»JLSlII ^^.Lla (^ic Jails ^jLojSLI! ^!>L«JI 
j_u^ Jo. ^1 Sj ta-j i "II ^1 dJJj) CjjjL>o LxjJj 4jjLa_iSLII i—SjUtllj 4j^l>JI 
t-jL^liJVIj (jjjJI (jl . Cjjj^JJ^O £ ^J^' CjLil ^jjJIj Ljj-uSLjJI (jlslj-al (jix 
Ij-JjSLIIj 4 jl i uLlUI (_pslj_oVlj ^ <6j i -sJI Sj_aoJlj Q^xLtaJlj ij ajgllj (_£jjjJI 

idjLjLCaVlj (J^- 1 -" u^j^ -"II j' a j" JLix sLoAilSLLa LgKi.-.T j r^-.T La^tjj 

Lj^J (_p3lj-o^/l tfJLfli JL»j ^oJj • ^ ^!^■ SjjtajjjJI (j^JU ((t-ijjkjJI)) j»ljU>JI (j-^>-j 
4jjjj>JI CjI 'I LtaJ Ij I aJ i nil O ' Cr' 3 " 15^^ L?J^P" J-i*^ " w aJiaxlLl 
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(j I c J) 1 <" (jl (j^ I J " " ' I'J^*" ^ ^" J1 il L«_Lu 

.^jj>.^l CjLijjj^LlU ^_4-J (j£. Lal_4-i d b sc rt cLSjj-Lsj diL-ojij-iill 
. l_j^L>J! 1*11" ( _ ;r 3 (jiaj^/l CjLiLi^. (j_o j-Juj L^ijLc Lj^ii. (Ji-jG 

1 j 1 eaj] ^Jii>-" 1 nl Cjjjaj I j . ..A « 4_lL>JI 4_lSLa ( _ ;r 3 jaSLajJI ( _ ;r 3 (_JJLr»J1 «- '." "" 
V j_j '"'I ■ ugj j*tt (j_a I Jjj-a Lj^LiJI £_u^aj dltj (jyi^-J •lSj- LM J-i^- M ^I^-uLj 
(jj : 1 _Jjj>.| 4ijj_Laj j-o^l I J-A (jl (jSLxjj . I 1 11 ri t ja-usjj (jjjijo (jl (j-o 

(j-a cj^L^LJI q^SLUj . L^jLii SJLIa « L^ja-oj-jj)) genes L^-lS cj^L^Liil (jjjjajJt 
Cj\-t-ujj jiitl I j * a (j^Sju dltji^j mucleis acids 4jjjiJI ,_p3Lajs.^! ^ n 1 .1" 

^ * ' flj j ^- * l_l^_>J! ^_aj-_LJ ."»! 1 ..j^j j A tl « ^jjLaJI (jl . 4_u_uL_ul ^ a ' ^ ) 

2 <ijt 1 ,itl 4_<L>JI ' Ihxm JLl3 JjaLc ^1 (jLi lilt!} i Sjjj/^j-iiJl ^Ij-a^ JLtS 
4cl_u^> O-a-i JlSi i4l£ eaj j«J J-o^l <j^>Jj • <_>"Jl>i^' f 1 1 "U Lr^ 
C-iJeTuI Jl^J . (_gjJL>JI JLUs J^al jJI ( _ ;r 3 5JLji3 C^jl£ ^JjOi (_psL«j>.V CjL^jLiLA 

CjI j <LjjLij£ eiLa 4jSLjj_o^I Du Pont de Nemours jj-a^u <-^jjj ^j-" 
uJtJ 4 ^ ( Adman tidine hydrchloride ,jjjLLljLojVl jbj^Kj j jua) c-ij^c. c-^J-' 
^1 , *\ j_L«j L^jl JJ-JJJ • (A^ - I ^3-1) 4ji^j i ii^/l IjjjiiiVI (j^s ^jj J-Us SJLlS 
^jjjs f>J ii'll CjLjlSLal LilLut cJlj La 4j| ^xisljj ■ d) L-u jj^ j ij It (JjLkJ! Asr mil 

^jjlc 3 j "m\>J1 Liu]^ ^jt dujuuA^i\ oLcLajJI (j! VI .oUoVt 

< ■ -^J^- 1 ^Lljio ^Lut 4SLIL^ILa 4_ L^i VI P oL^jj-iAJI 

(j^j_^3j_j_il ^ q 1 11" 3jl_a CjI uj 1 ntl (Jjlj! lJ £ »l <i U tl i— JLSj . LuLLajj-i 

tfjut (Ji.jiljj CjLj/^j_LflJI i^jJlc I j u 1 aj Laju^. L^LiJI I j « ' 1 aj interferon 

4_Ua_oLc. I j *■ » j ■ U cJlj Laj i4ja- 1 n )VI ( _ ;r 3 CjLj/^)_LflJI jlj ^" . ..I SjLil 

(j£L!j (J_a^Lt j^.J_j <.S x 1 I t (jlj_i_a (j-Aj . CjLLujjjJI jj^ L^jj^ IjlC Laa^ 
(44) 5 
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3_3jJ(_a 'Lj-aj^ ISj l"l J^J-J (jJil La-j£ (jlj 2 I (jT 

t_4j^ (^^-i—iJJJLl jjrJ-y La . L$l£ jj^^/l i>juk 

3_aLc ^_i_ojJJ aUII A £Ljj\ ^jLj_U tf^ljjs-tfjl^ 

(j I II (jl Jj-^J .3_3jJlJl.l (ji^- Ir^l-sJI 

( _ ;r 3 Jpj (jV Lj^a LoLc LjjLs LlLL OuL3 LaLa-i 

t-jjLso (jlr ( _ ;r Li jJa t_iL<SLII I juk sQjjj La J£ jji 
(ji jo-LtJI (^a 3K lULa till ji^ j^oVl (jf _&J lju>. 

^jjallll CjJl?c_i JL9j . Lal_a_l 3ji^J_a j-lC 4_Lao_Ll1 

3jj£jLa 3JaLiL » ijL^tHj 3_aLc ^ jjjjj 4jI ^ tlajj ^ a btll 

La LJLc < 

3j^_t-£aJ1 ■ ^**'" JjalaJI ^J-L1 (^yl^-J fiua-U (j^-Jj 

■ Lu<SL!l (j-ujJj . IjL^ Ljl ..j«JL«JI ^ibtjj i^gjJI oJjl i nil 

oLta3.>Lt,| i_J£f (jSUj 31111 ^ | j£j^ (^-aiiJI 

4jLoj ( _ ;r 3 J-ajJLJ ^.aTiJca ( _ ;r 3 ^^jJI j"n' ' ijj • 3-jLU 
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(jl jjjjl—Ll! 4— oLjlJ j^_a^l p_&i (j_a ^ 1 1 <a I jJi£ a, 1 alll 4_iJL] Lo*^J^_i£Lj (^7!^. 

^jLcjJLI Jja^/I ^^ic ji (_,-«JL«J! li^tiaJ! jjLU 3 Atl SjJijJ! ^yic I jijjLaj 

Cjl_a^_L*_tl (j_a 1*m mi tilujLj>J1 gWTI ci^s_J1 ga 5 * j 

(j! (jl 1 11 iVI ta-j • (jjl 1 a . t>j i"i 1 j_Ll3 ujLjSL!! IjLA LgltLy-m (_yJ-ll 

S 1 il gill (j_a ^(jj- 1 -" tl^J LaJijtt_a I (j If (j^-s (j' (j^*- 4 - 1 t^- 1 

( _ ;r jt (jjiLcJI 3_a|_c ^Ir j j La S Li£ »l gUtl ^Ir j j La " (^yiJI 3_jL>.VI (jl 

La j j <n (jl Laj . ..V t_ijL»jJ! «lj^>-l ISj i"i (jLjij'iM i— ! jLa 

(j^-ajLja- "nil *l_*3_L»J1 (jL£ LLj . c.L?e_ll _}j^?e_a La-a LaLa-l Jj-aJfc-a 
La £j_U3j_a I ,3 J*" ijrHi Cr^' t r J J^?-'-" ^J- 1 ^J-*- 4 Mj^^' (j -4 LT^J-'-" 
jl L$J ."ill pit ^JjjJlI! p j all (j_o Lc (j-ojJ! £-a (jLcujVI <_ 1 1 hCi 

c.L»jVI jl JjJljijJI ^1 ^LL-so 1 h ri^-~itl (jjl Ifllj ii"l_l (jH-II 

. J lSILuJ 1 * ) j L>o £ Jjli 

JJi jj 1 11 n_l (jl ^ ^iila LaLxJ I 0 ii» a »l 1 n~>- (jl (_gl : I 3jUl! (j-a 

*^ -J^ 3 J '"'"'J f 1 ^ (_g jJ!" jL2a£.VI I JLdlJ . t_JJj£LliLj il ^La j-JlC 
3 Uj , .. ,tl ujjLrtll! (jjs JJi£. (jJI J i" 1 nj-j utc ^jj/Ll!! (jj-2JI J^'jl (J^ 
d 0 0 1 ga a 4-i^.jl c.i_5jJ1j c.1 Luaj-»_a fi^jjjj c.1 1 h*kJ1 p_Lajtj I j^a p_i t 
^lj_il 3_j3j f^->r!^' I— LiSLa-i J^J • L^Jai..} «I^J! CjLij|j£L^a , ,." V it^JLX-i 

jjj/bJI (j>aJ! _>>-lji Laij^-v. jl^ John Tyndall Jl jlLu (jL^ »l . n-»JI 

(jl dil j £-aj . (j Jjj ^ (jiL jLCu ,j-a Lljj^ (jSLIII Jl^jiII ^ j-i^. 

(_yi i 1 11 L<k£ w 1 a a (j^j Cr 3 V^5^-II LuLfl^J CjLJuj Jl^ S|_l>JI 

(jV! iij-^j V (jjLaJlII jJpJI (jl LJj^ (jJjlj V dilj .^uLlII (_LuaA!l 

(JLalo-VI JLlju jjsl 4jl_i vl ^"^ VI J^iS 1 La fl^ (j-"^ iJliJcaj j«J 4j| 

«i I « II i." 1 se 1 tl (_p3lj^,l 4JL<utl (j^-a-i tij-iJe-i I ij 1 J LLaLiI IjLs. 

j 1 iil_La ^ S La J LipjLajs. (jSLal jJ-4 1 aj 1 1 3jU,l (jL (JjLoJI I juj,l (jl 
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LuiVI Uljuci til VI 

*L^JI 

4_LaJLL»_a j J C ^ * C I i 4_LdJ w 5 u 4_i_L*_a 4_uj)j£Lj_a ClV^l i n t 

t Cultures of microbes CjLi^SLJi,! £jlj-a ^ «i mi" ojukj CjLijj£Lixj 

' fllUse 1J . 3j3L£^La oV^Lutll 1 J la " se * ^A-ir^l ji ^ L_o^J1 jj-a JUJL>* 

^1 ni-v lJ^- 1 ^ d 1 j 1 ^ Cjl_JjLa_L^ (j-* iLa-j-uU <J^al^S-a »1 ' 'i-»J1 1 JLA c_ 

^a-seJJIj ajJI (j_o Ja^L>.^/l (j^-jj (j^JLI! '"'^j ■ >»•»■" • " ( _ ;r I^. 

(jii^Lij (jJj . JjJLsJ,! 0 JL& jjuloscSI 4laL^ £j>-lj_a '"■ 1 a taa JL3j . jj^LLiAJIj 
j;^^' iJJ _5 a J sc "1 1 11") 4_i_L*_a 4_u_uLt_ut ^£_}Li_a i-LILlA jj^Jj 4 ' J. ' a ^" 
3 nKtl Vjl ( _ ;r t£..SJ . 3_aL& £f.jL^a (j^J »l 1 n-»JI (j-a £^aj^M OJLA Jila 

. (ji-J^-j-Jj-iJ jj£LJ, I ,j-a jJlc I j " J 1 medium •<• La 1 uj II » « 3 j a U 1 1 » 

4_Js ^jt ^£La-i ^ Li3» ^1 f Lu> 3_}Lc i^u_u , U , „jll j 
(2) . « 

jLjI w I c (_£a^bej JaLx-a ^l-L&o^-i Jjj ( 11 L^jj^LlI I i. r I <~ I ^LLr>oj 

aj j t hLj^-jJIj aj * - a !lj jj a , ,. a tlj j i n j i j tlj j_jJl_>JL^ ^j^LjlLI jj-* 

a\ «Ja jj-a jjl_ji^_LJ1 JU>. i (j^>- J)j-^J-tU j , ' * a a J a^_u_oJ l£LJ 1 j 

^jJL^ (_£jl_a_L^ ^La_*_u jj-* ^J-a I ta-jl3> ^jt . ^i!La 1 ntl^ 1 j Ji_j_A^jj^ 
jjj . Ljj J**'^ i tl jj-a J-jiiSLI 1 i t uLLq Ua_i_oJ (jr^- 3 M^tjfl (^jl J_>J1 ^5 a JL^-**( i n 1 

.-ilj.^f I j j I c 1 ; 3j^iII Ljj_uSj (jjs (JjLa (o-ILc 3^.j_tjij Lj_lI ^a! j tjlSLa 
a jir" 1 n" Ljj_uSLJI ojut Uj . Pseudomonas Ljjjsjjjjj/ ^ n 1 .1" Sj j < 1 ^1 
(j_a Lajlj 3-g.j 1 11) 1 <l 1^" 1 n" L^jLS j*C 1 ntl aj 1 ,1^^ jJI (j^? - ' 

3_Lj!jjt>UI Ljj_uS!jJI Ijjj dilj ^yl^j .JjLJI ^la ■ ■■ juc VI cjIMI «I>^II 
(jLcj_<j/j .3x.jjJ.I ' La • 3 1** j-a-LJ! Clostridium Ajjaj^". njKtl Jila 

li^o* j^aLa^ 4_La Oj>.jj>. La-lJJ i4^ejljJI 4jj^ L^cj_a iouj- ^LxjijVI La 
tjj 'C "1 t iij . j K 1 11 tl jj_a jjjj^SLII J j 1 11 £l (jt-iLj 4_Ljljjt^LII Ljj_uSLJI CjjJj 
^lj_il I ^ j i"i (jl ^_>J (lA ^ ^ Ijl*^ Ja^Lli-VI SJljJlJu CjLj^S-JiI 

.Sji^>.jII cjLuLCJI 
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4-C.ljj_ll (^j^/l 4JLjj_taJI ^ a 1 n"j Cj Li jy_SLj_U (j_a JL>.lj (j_a 4_j^SLa 
ji) LoLHj! I La ■ 1 .1" 42jjJa (j-Aj enrichment culture 2 j jl i^aa-VI 

3" i'iU Ljj_uSLJI (jiutj J£>j L_Lj ( MiLo (_p3j ii it . selective medium (LuUtoil 
LiSLJj (_Ll3 (j-a \ 'ioi r-i j Li£ Ljj's 1 u I La 1 uj ■ aJ 2JL>JI oJLA ( _ ;r 3 

3jpJI (jjj JjiSj Jl^>.^l tfjut J^UJ,! Luj^lyLa .jjLi/jiJ! ^La l u p , uj 

^ It- j t LLa-S^ (_£^_>J1 ^T^^P-^t ^ JLa-"i i uj ijr jJI CjL)j)j£LiX1 LilJj ^_a_u (—3^ 1 
^_a_JI ^3 IjLu LaJLi£.J . L}"^* JO-^-^ 4Hj!lU LjjUSLlILj «L£.jjJ,I ^ j < aJ 

Sjl^JV^-U (_£j»J>.^M cl) Ll^J-SLuiil Ijjj I iM a O-tli-U <^-\J>.J^Iiill ^j^* 1 ^ ■ ' aj 

iCjl_ij|j_£L_<_U (j-o I Lagla. 4cjj_tl ~ J ' ■"'"j j-a-JI IjLjUS . I » jU 

L& ^Ij .JSV! (ji^ ^ jj^Jil 3" nil Ljj_uSLJLj Sulc. Jiaj Lg-SJj 

Llaxa Tj (J^L>JLI jjLi/jIII ^la LLlSjV OjjjSLI! Ljj_uSj (jyl^. J| J ' a "- 1 1 ^Jj-> 

Jjij ^■'jjjujijJ! oLLjj-^ jn<i S^Lal <j| U£ , ,,11 Jjb ™ o-jj^SLI! 

jj-^o (j I ^jl i n i VI £__j_La!L*_u_ij . Ju Jlj>JI Ljj-uSLi ^_a_i j i nil 

«Lua^_aj>JI ' ^^*'*-^ ' "tl tj^ l>q^ ifiLi_j^j3 j-uju jj-a VjU Ja ■ ..jtl cL^^-ajv 
u JL3j . Ljj_uSLJI j^-i (jjs jj^l CjLjj-Lajillj 3j_ua->JI j^-i j-scjIij 
lilljjj i A c\ I" a j 4aL>JI S?^l«-« =L>.L>.j ^1 JLajj-uLi ^ Laj i u-l 42jj_Laj >l 34JI 

I Jl>. A mU 1 njl J-A (jl cr^) < ^P' J-^^J' ^ihi-^^W ' " 1 nj-ll ' . " ^ "*•_' 

LJLc. Clostridia Ljjl^) j" i .ijK II CjLjjj^Lus (jV ^gj'C , „ . La 1 uj ^1 jir" 1 ..I J ir 
(JiLo (^1 CjLLjj-jSLI! ,j-a Jjl^ 4^1 i^ajj .(IjUaj » LLajJ I j^jGj IjLc. jjjj La 
vZjIjJLJI SLaLUal q] VjS Cuj-£\1 4ly^>\\ Ljj_uSLJI JJlC Jlj^j iia '"jtl I jbt 
2uJL*JI Sjlj^JI 

1 La 1 1 a> ^ilu^j Jej (i 3 5j l^->»-J 1 4_l5c_o 

i^jLaJI ^-jlaj ' "JJ ' L^J JjJLs- V ^jlj-ll t— iLi^ii-l CjLilSLal (jl ^_Ual ^11 (j-aj 

Q-uuJj .. I j^SLtj 1 1 n^LJI jlj^j 3jjl>.^/I 1 , Ul U 1 lj , - ilj l lj jij-^Ctl 

q\ uuVI Ja ^ N J J fl a dJJ j ^ I r j . 4jlsLi c-^j^JI S^Ual ^Jl JoLu/jVl J£ 
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L-iLi aa» V ^ laj ■ hj 4ijjJa 3_j^/ <_ M*y" ' ^ CjLu-lJI ( _ ;r 3 diLijij^Lus 

3 j i n j *jjJI 5jJa_aJI (Jiaj-sLaLc 2 A , ^ ,-2 j'»tl £j!j-U (jSLIj . Ljj^SLlII £jlj-a 

^^Ja-jj-LL^ p j L> I (j- -0 p-i JL9 * i\ ' a> ^ji ■ ■ * <_ . 1 1 ,i\ 4_uLi-a^.V1 

3j-iIoLua ' JaJl »1 air j^Sj tilt_pe_] ^ i ' aa* «lcjj-a ^Lt-al ^Jt> ^jJjlILi » )l usX\ 

4_j , ^, ^- 1 I Cj Li jjj-SLii I (j-a £ Lj-S-i 2J^L<j/ (Jj-»J =Li^sL>JI i*LuL\J! SjIaaJI ^1 
w I c (_£jj>.\ 3jLj_*j ji '. j i a 1 1 CjLij|j£Liil (ji^- (jLjuV! J i a seJ LaJ_t£.j 
4j jj i i ii " J ' j ^ a i4_l p ~ J J (_gj-ll L^-lLcI CjLij^^LlU (j-a 3_Cjj_a 

^ JL^-**< i n i (ji 1 JLA JjjJi^tjJ fiL^jj-La ^-i_uj| (jj «LlSj CjLijj^LiXI (^yl^. .J J La^J I 
4_j_t-a_>Jt1 4_Cjj-U jj-a 5 >-ij-^3 5 ) Ia9 4-seiai-ti >Aii (jlj Lus^La I la i --J 

«Lcjj_a_U ^ a i ii 1 LaJ—Lcj a * iJI ^ j Laji « ^— s I— J^^^SL-lX I < a a 2 
Colony a>"mn £_u^ijJ jjlSju J i -« * * a i_ij(_)£Lu3 (jLa jjjJJLj 4_La^L$J! 

4_Cjj_a ^JLjlj £j] j-u_u_jJ! jj-a JLjJ-^J . 4_i_t-a_>JL 1 ^3 3lAjL_oJ! 

«t_jJLl «Lcjj-a (jr^ tJ- tja - seJ dJ-IiJ-iJ 4_lS_lI! CjI^ a «**i i ntl dJJj jj-* ^^^^ 

J g <"i i ,i_ij .Plating j LaVl £jj 0 1 ill 2_JL«_c. |j j U Ijut 
pjjj! j-Aj) Petri (JIj-j-j 3^-^' (j " 1 ""' SUaJLa LSLJal S^Lc 

^ ■ I --~ 1 ■■ a 4_lJLu^Lij>. SjLa L^jJ! i—iijLUsI JaLj/jl (^i^. (_gjJ-»o (j-al 
jLji Q^l m" 1 iu p-Aj • Agar jL>.i 3jU! « juk ^ n 1 iuj iSj-^-f ' . 1 ^ 

^jiwVl ^jJaJ! La! (5) .S-^lj^^UI oLl^S^Jl! JL^ jL>.| 

JL ^ qJ x jj ^jj-^ (^-t^jJI JjLuJI 4_fljjJa JlLo ^J^j-* <J^-i-ajeJLl 

CjIj n » "1 1 11 a 1 1 aJ Sj_u^ jljLcl (j-a Sji^i-Li! Sjij_ail Cjl_ij|j£Liil J-t^. (^i^. 

. L^jlj-o* 3jL£,Lij_a L^lJ^Li_o jj-a 

da 1 "j II (j^SLi (jt ^ iyi V ^LJa^l CjLi^^SLlLI cLcljj ^j?E_Lj ijy^J 

^1 ■ UVIj da , ,.j tl Q^SLi ^jt I ' a \\ jjiyi '' 1 ' ""^^ cLi_j^jJj 1 1 1 uLba 

(jl (l)^- N ■'--'' a j . 2 -1 ^» ^ 5x.|jjJI 3 1 n<" 1 nt, I cjWIj 3_^>.L>.jJ! 
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aseptic . ij^-i^- J-j J-±}JD^-i^ ^,*~p^*M yjl 1 "VI lj-& ^LLxjj . jLs. 

p 5_«-j (jl ( _ ;r JLu : jj ifl^JI CjIjLu <j_a S-flLi- J-«-«-II (jr^ i-Sj^li ^l-tethniqne 

Ol^o-JI LfllaAseJ LgJI n»"i 1 ul (_Lt3 5-aJiir" 1 nU Lls- L>- jj I j JoLu/jVI 

i_LaLt_ujVI £_j_aj>. Ajiaj (j I aa2ujuu Vj . 4_ul_ij-^ (jlj»9 1 jl i_La j* L*a rt jLse_i 
L#3Lja£La (Ji^tJ <— SjijiiJ! JlLa C^rsJ (j-glaJI (jV • La j » ■ 1 1 jUtjJLj 

(jl (j£La-ij .4_i^3l_>J! CjLs.Llo.VI Cjljj Cj Li jj£LuiiI 4_u-ul_La j_lC Lgla.se.jj 
CjLi^^SLlII .3 1 » i'ii .iV I J^J- ' L»jI/jjs-CjVL>J! oJJb JlLa ^j^-^ JLa-" 1 .1 1 

p t 3e **. . ■■JJ-* 1 j sc m_a toll 4ju!uVI ji LaL>- 4ju1/I ^> JLa-"i 1 .1 1 jl 4-o.jLiJI 

<LsJLlII 1 'I j" 1 n^LJI CjIjJLi <j-^L>. < '^JJIH C?"^ L«L>. 4jljIuLi p_uL*jJI 
(Jr ic . (_£jljoJI pjrt<"itl 2 .j I U 1 1 SjljoJI CjLj-jJ Jjsj»Iu La Ij-iLi L$jV 
tj-tir 1 n**(T1j . 3jL>.lj 3j-a ^1 JiJt-" i ii^U ^_H_xj Jl9j (j^l^JI ^ tjL ri -< ^3 ^Ij-^ * I 0 JLA (JlLa (jl 
jl «Ltl (jLj-Lc (j_c Sjlj^aJ! £^JJ La-a JojJLUaJJ jUejJI 0>J 

JLs. dlLj-La-g JJl-lj JLS 4_»j2jj_U Sj!j_>J! CjL>.jJ J_t£. oj-ill (j-tir 1 n"itl 
50 (j-C Sj!j_>J! Jjj-i LaJ_t£. Cjjju C"*"^ '— 1 ^ JU^"^ ' * H ' a ^- "~ 

-CjLijj£LlU ^j^ju p-uljo. (jV S^jjjjjjJa CjLlLjjlII &JJt> (ji (jyl^. . 4-Jaj-a «L>.j_} 
(_£aJLr>oj . Sjlj^sJJ 4_ajl_2_U SjiJjui/ (jaSu JLa-^LjJI Jj^iAJI Lulj La£ 

. p_u!j^>J! £jj->l Ljr^ ' 3^ SJj-a-fJ.1 4jtjLJaJ! Ljj_uSLjJI 

i_4icV 3_j2JJ| ^j|j_I,L, -Uj,,..tl cj1j«+~imU Jy^2..^^\\ LlJ^J 

(j^LIj tj < "1 -»J. 1 ljr £ 4_u!jJl!I JoLu/j^/l (-;r Lc. j-aJ3 (jl (j^-a-i (jr^JI 'WjJ^r!^' 
^^aJj-uSLlaSLu: Lj^ Cfc 1 9 . 3J j J ' till 0 J-£J L^-ml *^**' 1 ul (j£La_l V CjL)J)j£LiX1 ^* * 

Jjj-a-i ■ La^ Lta^j j 1 ih'j pJ ^lj^>J! <_ . j 1 .1" ^ylllMycobacterium leprae iSj-^ 

2 j I -»J1 CjLjIj_i_>JI ,j_a 2_j2iJ! ^jljJ.! (jl La^ i2_pj| 4j- 1 n't VI jjx. 

(^j-lJI 4_j_>JI Ljj-uSLJI £_a 4^" ( q I j c^3j>JI CjLa Ij-J^ ( Ijijojjij-ill) 

' J LaJI lj_A Ijl—Lc Cj Lj jij-SLii I JlJuI (j-aj .CjLll^pJI aJJb L^J (_f J-ijJ 

2 Ij j 1 j I j I . (jSLajj .4_l>JI 4ja- 1 gj VI ( _ ;r 3 L^£.jj ^j-L (jH^' CjLu/j|j_LiII 
4_uj/l_La i_ ij^j I j Lajl/j_a (jLi dllj '. (_Jjj>.VI CjLjjj£LlLIj Ljj_uSLJI (j^i 2_aLj 
j-j^VI CjLijj^LiXI j^tH^t-l «LtSLIj i«U^L>. (j_a jLolJLj CjL_oJj-LiiI ^ a 1 n t 2^jJI 
(J_jLjlj l_AJ_lJ)j3 c_t^t_l-^_*IojJL I (j-a Lfcj^^a ^j^5e_c_j-Cj Lt_u^-Lil I (j^-Ij • Laj^j>. 
(jia-UJ ^2_j- , ,1 'tV| ^jlj_a LaljLir" ml JjIjjlII jii^j . 4-^ jjiKTit (J7 ^. 
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w I c SjljvIj SJL>. ^jji I Ijj 1 JjLj/^J! J i a^l jjjjLlI! (j- 3 ;lr* <*jU>*.t I 

jLjjJL«jj (c^JliJI J.^Atl jiaj!) (^L^jJ!) ^jUJ! Jj-JI iZjL-uj|j_L3 (jjt <JaVl 
jljLcVI L-i-Loitj (jyl^- Lu/Lu/i Cj Lj/ jj_LflJ I oJLfli JiLa (j_a *Ll2j CjV^Ljj/ J i a^ 

jiia 3jJL«1I oL>.Llo.V! oljj oLj/jij_Li!l SJL*. ^ Lai .SjiSI uJI 3J^i . ..It 

Cj Ljj/ tiJLLfli (jl (j-a jj-uL (ji^- Lul jJsljJIj . LaLa-i L$Jj\^. ' -i « ■ aJ 

I ^ c jj » c*"^ ^ JL? ijjjl < tt ^jLs Jpj ^ji f^-Q-i iX>- ijr ll :<3_aLc d a ' aj 

(j! k" ■ j V Lul (jjii 3jL>.V! *? 2. ,Utl ^ Lg^jl 1 ^Ljijj jjii>il 
jaJLc jjkj-j^jlJ.! Kluyver j_aj_aK . uVI SjLc <jji jJil .dilj <j-a (j 

I I J a 1 «L^_uj L$jLaj-a Cjj-jjlj CjV^Li_u L$ji « gLi L a- t -a olc j * 1 a a )) 

-cjUjij^LiILa . liLi/ }Li I n <r\ a j^j . 5_lUj>Ji.! ^jlj-L! JaL^jl j^jJj ^ 

(j-Lc-J 1 1 a j S[ j 1 1 ( _ ;r 3 d 1^1 it JLa ajl 1 -^"^ LgjjJ-^^LiJI J 1 a all ( _ ;r 3 Lulj La^ 
Jl9 cLLa_»_a ^5 CjLi^j^LiXI 1 n £j] aLljj Lajl^ JaAsegj ^jt iJ ^^^a-U^£LLL 1 

j_d> 1 La j m_j 11 J-J,la d J » J J ta 11 I ^" l> ' - ; - ' lJ £ LgSlL jJjCo Lc_l3 LaLaJ 4x._Lju 

^Llr>o ^^-aij (Salmonella typhi (_gl ajl * ^L_LjjJ.Lj/ ji) >j a xill Ljj_uSLi J!la 
dJJjj j_a_JI (_L-*.i u^i^ itryptophan ^LaajjjjJI ^1 Lajt-i 

-j-u_>JL 1 4jr 5 cLflj-aJ 1 j> JLA JL^flj ^ > ^-Aj • -i Ll j^^ajj-a ^j_a L^Jj-C JJ^ 

^jjSLj jLCjj-4_fljL3 2 tj J ■ ■■ ' L^j j^^-aLiJI ^jLsjjjjjJI ^_Lt-a p 1 ***m L^ji j-fl>LtaJ1j 
t^Jju ^ji ^^j-A ^LjjIljjjIlJI ^Jl L^IL>.L>. J_jjGj_uj L^l»_r»o 3ji_o*jJ1 4_ajjJaJ1 

jLp£,Li tLuJaJI Li^. jJjjj Jj^-jX ! ( _ ;r 3 4j^Li. a-La-A? LojLu/ jj^jJi! (Jlj 1 ullj 

^^ajj-a jj-a 4_lLc < ase ) ^ J-I1 * jjj^LlLI ^J-A . j^pslj-a^/l t. n i uj CjLjjjj^LlU ^ji 

(j_a J j I 3 jJ^ CjVL>J! tiJLLfli S (_p3jJL! ( _ ;r 3 fl-LaaJI <_ 1 1 1 all j-fli 

(JLs. 3jLc jjtj-^jJ! (j^s I g-Ac (Jj^aJeJ (jyjJI ^LhS-^-^^ • L ^i-!^ (jr^ 1 'i r^7i T 1 
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^ ■ - « J ^- * (j-° 3_}^>.^a CjLij^£LlU (j-° l>Th^ ^t!La p_ill1 

j-J-C i-j^^-SLys -Sj^-J Jl-Lc V! p J HI ii—iilUI 1. 1 1 1 11 j L$j| (j-o Jl^Qjl 1 mtl 
CjLjj_)£LlI.I (jlf j»Lc O*^' Cr* 3 " J™ J^' 1-^! LlA (J "jtj • Lal_4J (_gjLc 

j^5-^ j^l^jJ! j^JLj jlsj . ^ tjl i 1 iiVl (j-uj ' 11 ~ 1 j 1 n") p-AJI 

3 ij 1^1 ^yfl SjjJI tflLA-^^r^^^JjJ/jjSLJI (JjIj! (j-o jjtj-(j^4>J Robert Koch 

t _^Ia^ <i U 1 iiiii J-fuu (jl ^SL^-J * )Jj£LlLLs -^5^ LH°JL^ p-*-"Lj O^jX. Js3J)j-tIu 

(2) 1 I U ui j <_p=>j_tl (j>^J La-Lo-J L""rP- 'W- 5 ^ J-^- JtC-l (jr^ ^p-J (0 

,_p3jJi.! t_j^SLJi.l <_ u 1 iij Lo (3) (jjs t_j^j£LJi.l Jl>c <j£_«j Lojii^j 

Jf3J)^ Ul 11 J 1 1 **( 3» I J J I 11J 1 1 ( j_a_jjj . p A 1 n (jL-ajl ^3 c\_LiL>. J_i£. 
' ea 1 (jt (j^-4-1 pJL*J1 (jt L>^J «L?e_Ud1j » ll I 1 \ <i *T1 ^Jsl^JI 

(»>jJI pJj-i ^jJ! (^l^JJ!) ^jUJI j>JIj • L^J < ( 1 nm"j pJ jjk (jj Ijljju 

. Ljj— lILSLjJI JaLs-lt (J^ <"i" CjljljJsl ijr 3 I. 1 I I n**( 1 (jjjj)j-l3 

CjI j i i ntl ijr 3 (jj * 1 1 (jl^j . ^-j-^a (jAj-lII j 4_Lo ^ Ljj-uSLJI 0 JLA ( _^Jajuj 

(j-SL!j i3_Jjj_jJ! CjVj-J! l_u 1 .1 Ljj_uSLJI OJLA (jl (jj-2JI ''- Xj * (j- 0 Cr'j'" 

3ji iij^j^tl ^jjlkJ! oa>j 3£jjlj 3jj_uSLi i^jJ-c L^j I (jVt i-a^jJ.! 

J! oL.!jJ^V! i,,,,„lj 

j^pajlj-S (^_i_Ls_ljj . fiU Lu-uj V (_p3j-<aJL! 4j*_u_i CjIj-jjuJI i> Jul. (j^^Lj La LJLjCJ 

. d * j . t-% 1 1 L^-j-j 1 jj>. c?^" <J ^ V Lo* jJ ^_u^j£LJL 1 (J_cj?e_a ^ 3^" 
(j-aj . L^_i 3_^^Lc LJLc. L^J (j-ajJ (2>^J ' Lj^-uSLj 3_UL_u^j Jl^qJLj 

(j I Cj Li j)j-SLj_t 1 ij_a <Lj_S_) cLc Cr^" ^ J J_»_i cILlAj La J J 1 J 

4jjIiJ_a 4jjij^ JJ^JJ ji CjLluojC i^yi^. CjLjJj^LlLI J<J-p J-A • L^Lcaje-aj 

jt (J_<_o^Li_u ijr 5 p t^." ( J_a S4£j^tILa (J_A S 3-Jjlj CjLo-l^ 4-u-A> ^^^1^. jt 
^ 1 -^w 1 Jl c-«_t£j-J L^J (J-Aj Sjc_lj1jj>. jli-u (J-Aj ? 4_jla_^>. 4jr A J-Aj ^ jL_i£Lt£. 
j_a_tJ (J_A : 4_tiLjj-^a Cj 1 j LiTo- 1 L_u_i"^ 1 (^jl?e_i t ^j^^-^J ^ * 1 j_J 1 j Cj Li_u_>J Iji 
^^LaVl lL=i_lL^j jiL^JI jj-a ■ i Jjl^e_a jt $.\ i .i*>Jl jt tjr ^ CjLjjj^LJLI 
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christian Gram jLp . jJaj S S-La^LgJ! JoL-uj^l (^Lc 

Ljj_uSLJ! p j 1 il2j I L*j^-^!jj>. jL2o.I-jL.o~V! I jut JljLaj .J^eSL!! jl 
dJJj ^yJtj-Giam positivej j»ljoJ sLo-jl! LjuC£LJLVLaLu a j j a " j_ji. J!j-j 

(jH-Lui-LiJI JiLa LojlI j_^L>. fiL_uL_to* ^jj^"-^ * ■ ' all * Ji^loo ^^y-i-Il 

iJ3 _lJ! CjIjI 1 "1 ^jt . "1 i"i a (^jo.t 4_o*^J^_u_a£ qj! . ^>-*~ LjJj LflLmllj 

^j_a j-_£u_) L_4-l 4— j\ * **( 1 uVI £_a ^_x^aJI Cj^LcLijj £j>^'j JSLluJI (^yl^. JLaaAJ 

.* )J^)jSLjjU 4jt_J_Jo jj^. '"'^ rt J'*tJ ^* I 1— (J ^JlZj l_SjjLLj! ^JjLlaJ Cj1j)Lujl 

CjIjLo-V! (j^s ^-uLitl tfJUfc O^-^'j ' ^"(jr^J^tjrfil^^' ^r 3 -* ' "13 

. LaLaj Cj Ll JjjSLJi I u I C i—SjJllijJ tSjlLuaXI (JLua aVL *Li^jL>J! dJJj J n 1" 1") 
tfj^j) (3 .' 1 11 l -r ! '-fO^' ' -*J '"' J^3' " 0-^LjJ! Jj^iAJ! jJij!) 

(jj^La^/ ^Lj-)j-U 1 11 II <—iJjS-jua Jila LaLfc 'jj<3 M JL?^^ ' 3^ '• ii^ 

SJljJijlII Lp£-J! LliLi^ac (jjs ljo.1 j <USLIj i3JlJL Slsjj 4 Ac L^jjtll! 

p 5c i<i 3' ^ ' c - ^ < ~ J ^_1>^t!^ ' ^■'jj • V^I^t!^' ' l - l * O' 0 *>f^ 

j-i-a-kj (j'Cj i.i^LSLII Jim j isl^J! t_jLtc. ^ oLijj£LJ.I j^aj 3^*^ j>IjII 
»l <ilr (jSLIj . yeasts 3j_L«i«JI ^! SJaL^jj J^eSLII ^1 j£LuaJI 

Cr^'J-^'j La ' (_5-Lc CjL>jij£LlU ^jj-I d ^ 1 £ 4jI 0_l>P-*i j*_Ji^' <l I * < ^tl 
JjLu ( _ ;r 3 4_uj/J_l^J! i"iU (jj . sLiiaiaj (j^s J-^' J-°^' ' < -^' JlJ,, J' 
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* biochemical engineering 4j^j_>J1 ^Lui_jSL11 3_*_uJ_La ^ a . uj S_t_aL>. dJLaLl/ 
LfljJ ^I^JLi 5^^SLtll £j1j-U cjLjjJL>* j_a -__jVT 4jlx^j jloI 3_lU_c (_^>-j 

1 ' -M (jj-Ji t2 jLiJ)J__LlU (J-UtJ !il i JJlJJ 3_) j-t-t-a J---^ J_i_t> tfLoLuijQ i^jJt 

. jJlJI J_jJL_>J11 (jr B 4-ljjjG ijr 5 (j-U-uJ '<$U 4^LLs j_a J^J-^Lj 0^-?" ' 1 
(J^la- j-uCLo (^_a-t-a jej ijr ll jJ| ijr 5 4j^_j_>Ji ^Lj_<mSLI1 <x_jJ_1_4> ' " 'JJ J-^J 
j_i_uj_j_LI «Lj?e_lILi j-j-j-^ -!_>. (jj-JJ LiUii p_i _JL9j ' ■ La *3 (jjj-o-Vl (j-iJ-IL-JI 
LuSLJj i4j^_j_>Jl Cj1jL_a_U 5-cl r Lj-tJ^J (^jJI 4_^LLt_aJ1 Li^. jJ^_u jj£LJL 1 

1 5 d " a LaL_4> Laj_^___a j_£jU (jl La_ilj i L&J-H SjLifo^/l ^ j < " 1_La dJLLa-i V 

4-CLLt-a ijr 3 4_a J-^eTn-ui.1 3j-uj_>J1 ^U_u fiLcl_LuaJ1 (JL>.j ^j-X l_J_iI 

jj__>J ^J^Iu_u_4-J 1 la ^**' * (ji 5 \ 1 1 ^**. 1 1 JjjJaJl t_t_ut3»i (J-LlLc ^^i_Ll3 .j_j_t_>J1 

cLflJ J_a LiiVT . (jj-j^J ^<u 3j_o£" 4_joL__I 4_Cjj-a L^_La O-iJu-uiJ pli 3j-j_<j_>J1 d___.jj-a 

(9) 

i ^_i_<^e_lJ1 ^Tt-iu-a ( J-<^=eTu La j Jl^ CjLi_u_i_uV1 i la • j_a CjL_jJL>J1 j_a 
. J j'^^l 1 J_t_a_>_j pj 3j-l<i_>J 1 ^ Laj Sj lJ^>" L-1J 1 4__.jjj_l Li L^JL^oj Lfraja 

5___1jjJ1 tjy ^ CjJLjej La 1 JLA jl tl^ a"i i .i a j_a_i 5Jlo. ijr 5 olla jJ Ij-;^ 

4_La t ^ U. < Cl<_pc_i p ^ ua j_j_cJtI(iJ yj* tpLui-A <—> \ ' Sj-aTn-ai, 1 
La 1!}L^ .CibjjiLJLl j^j w uaiVl JJjlU j-a Uaj| 

^jl j^)^- 4 - 1 ^^^^ d ^ ^jl jj-a^ fiLSjj-laJI j>J_A 4jj-aj .j-lajljJ! 1 JLA ^_t-£5 

(j^s Jja! LLa 3x.jjJ.! cj^Ij (j^a^aj 'jL^i Jj-I J-«-»j j-jj^iiLa automated [j£->£u 

^•\j-sr~ i ill w I C ^ i "j'j-jl Lai <U luialiJI i."i»ril ^1 £ l-aj-3 

j-LaAlII CjLcI u<~i (jl J-Aj Jl^Jl-a (jlsljUcl J-<-ulj W 2 <* I * < ^ tl 

g-xtaJu n_gJijjL2lUI j_<iitlll ( _ ;r 3 (JLil (j-ulj (j-a Ij-fJ^ Cjj afu ml 

. Lg.ll <»1 1 .il jlj a" i .iVI (jSLa-l (IrLs. 3_jJL«J| d "j J"^* j»l J^-j 
CjLij|j£Liil (JluL^ I jLa . I ■ eaj I ti^txll ( _ ;r 3 ^ i J la C =Laj^ a" 1 11 U 3_c|jJJLIj 
«L>.Llll 4_ul JjlII _}1 ^aJLl (j^-J (j-a jLlitJ (jl (jSLat i L^J (_£JUu3 (j^l-II fiLcj-i_oJLl ^_a_u 
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cjLijij^_ii! (j-o 4^.jj_o (jL^uj^M i.~r j u ( ill I ilj . jjijo 3jLo cj Li jj£LujU 

i 'll^" i n" C-i-ptJ jj-o^/l p la h (j I laj . ^>La^Mj i nil (j_a ■ La J i uj ■ La ■ uj (^ 
I * >» A-^. * j£L*_oJI - La se * '■J^' ' (1)-* ^Lj-* (J^ Ljj**!^ itl 

j_A (Jj_L=»J,l j *C i ii tl ~ j ■ aj dJJj .^^La^/I (j-o Sj-^j Aj^J 

-^M La loI (j-a j i n tl ,3-c JLSjj .S-cjJJ,! ^ LpSjJI J-i^jj -sj^cj Mjj-II 

Ljj_uSLi Cm u i ill (jLuuV! (jl jJj-. Cjl_ij( f SLLl.l j^-i -SJlxj 4jI _jJ ^-lj^jj^LJL 1 
jjL*Io^_lII (j_a _}J_U JjJiJtjo j>£L*_uJI ' l*~* i uj (^^3 ■ La i --j 

(jl (jl iii l*^M (j-1 i "i tj tjjl mi^-lJI L_A^_4-l _}JL?e_] ClLlJM^Lui J ' a^J 

jl j_tl_] 4_j_Lc w j a . 3 J_jJLc ^1 j_i (j-o L&j_j-C (j-C 4_oJLljc_o CjLjjj_SLj_U 
Cjl_«jj_iVI Qjl jJsj , 2 tj j , ..i Cjj^-i V (__r#3 4jjjaj 4^Ij J-utjj^SLII 

3_jj_j_>JI »lx»j£Ll| j^uJij (jL^uj^M j^lLijjjjjj . mJjLajSLII I j .'J^j" liilj^J I jj'** 
3_i_LU»J.I JuSI jJJI j-i^sLlkJI jLlo~Li i_dJjj d ui it J_a JjJL>. ^1 CjLl^SLuiil 

LjJJJO LlSLjO (j-l;^*- ^1 ^■Uj^'Cj nil lj_A (ji . Cj Lkm^LJ. I J^-l JJiJO (_yJ.II 

4 j i iiL-ul 3_3jji_a ^J_2-J Jlj Loj i Lj^-^I^LjJI I JiJ_s3 CjLjm,£_lU (^ 

jlj_a (__,_)! ^LLso CjLjjj^LlU (jl 4JLJL>. (j-a 3j, pit i n U 3_c|jjj| JLlojj . 

Lajl j_al ^JljLLj Ltt^aj (^ joSLallJI (jlSLo^l (jlj jjLCdJ 3-Ll«_o 3_o| 

Sj_jJ_Ju 4_ljIjLc. jlj^o SjLjJLc CjL^SLlo ^LL»oj .cLuIjJlII jljll 0Jl£j 
I c (j uiJ La Ij_lj^£) '"'I Lj "I j" j-aJI jl 4_lJLla^/I (j^La^^/l JiLo Jjii»"ll 

jljllj 3_o| jjtJI ^Ijll ^ oLLusLLLillj (J^Lsjs-VI (JjIso (>iL>J,l (j^jjLijSLII 

(j_a ^J-iJI tj-g-I CjLjJj>£_iil Ij^ajj-" t ill jJiS Q^^jJ^uj^SLJll Lai .(^jj^VI 

jljlj ^liLo 1 2 t_i (_><-oLLl3 (jlr ^jijo 3jLa (jl . iuVl (_i;jJ (jL^ ^la (^ (Jji^tiJI 
' flj-t^aJ (jl (^jJaJI ila-uj )] (j_a (jL^ iS^LLI i>J_A (j_a m^IL>»j p^ pU i (jl (jL_ujVI 

^Ll>«j (__All cjLj^SLlII (jjs 3_cjjj. |2 i_j (jusllLia (jjs M^jia (jL^uj'^l 

j— Jj ? " tl » d j I tj < II jut (j tj i ii "tj . j_«_iJI (j ihtIj uJJ_a (_gl (jJj-JJ 
^^-ftSLII jjjLalil SjtjO-^JI 3_2jjJaJI (_,-ifcj i microbiological assay « ( _^^^ T u^_>SLJi.l 

j ^ t_^l ulj^I <■ M t n (^^^^^^^.SLlL I j-iJl^jJI (jL^ Jl^J . CjLLuaLLLill (j-aJt_J 
CjLiI jjtIIj . I 2 t_) (jusLLLflJ «L>.Ljil jjLuaJU (_5-tci (j-a (_gjL>J,l (ji J-Aj j^jHa 
^■j-Ial La^ . I 2 t_! (j^-oLLjLS j_jJ_2j ( __ r i 4_i^L>. 4_uuti (IjjajjM^JI) 4jJj^/I 

.- , ■ , „- (j^JI jljJtl jLpiV 31,^ J5L^^ oUSLCJI 
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J_lj(_i Jus. j»J_2j JLS ^j-ik]| (Jjlrtlll (jSLIj CjLj^SLlLI 

(J_3L_>»J ^_!La 4_J_>J1 Ljj-HSLjJI ^-^-jj-^ jj-t-q- t JI Jl-LOJ^ T lII JjJ 1 II (jy^J 

L»£ t (4iU! 20 -10) Jjj mjl>!l (j-a 4jj^ e^ 3 S^k* 

iii ^ . U *".,„/» j « (jjjjLijSLI! <i j 1 1 n_i 1 11^ (_jjj>.^/! cjL^jJi! (jjs Ijjlc (jl 

Ljj_uSLJI Cjj^jj . 1"^ OjU (_£J)lx. ■ La ■ "j Cjjusjj. L«_Lu suspension 
70 1 * c ^l_La 4 Lx>. ^ . >. A">- * 3j!jj>. CjL>.jJ ijr 5 L$jjj>. ^c-i JUJLiio *n_La_u 
4jjSi" uuLsil I JJt (j-a ( _ ;r fl>J • SjjILa 4j>-jJ) 200 JUX. J . '.-.'a^lj Jj t4jji_o *L>.jJ) 

3_lj>JI ol_ijj_SLjJ.t «lIL^. J-^jj ^»-l>»JI U - ' J-=tlij/V 

cLjJj^M Cjl_j!j_pJ! L. iJT - " ' Vj .^tlll I JUt (jr^- (j>5l^l ■ La a> 

I j (jr^i t 3 *"^ i 1 1 11TI ^JjtJj • (j-J^^tHll 1 JLA JltX d i i n~w Sj^j-aj (Ijij^j^j-lII) 

. Ljj_uSLJ! ,jja I JLlL«j J-^Vl (jl-wl jJI 

Lj^_l£LjJI ij\ 1 ujVI jjlr Ijilj .cjLjj's 1 .ill J« jj LdJji^ ji ^.u-gAiJ 1 «.LcjI • alull 

iLui 3j>m ^-ijjo VI ^lLu^-iIi I j a a xj (jl Ltiaj! ' "J ^-^J '■ 1 ' """-'^ 

^_jj-tij 0_>»J ^j-al i ii **( 1 (jl (jJLiJLia J_aj»_m 4jr ^ * (— aaAseaJI 
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CiLigjS.i.n.ll Jgtuu iJuS ij-rJgU I 6ia9gJI 



2 j c I * i all Ljj_uSLlLI 4-LajJitl 4cjjj->JU Jfla £jlj-U Cj Lc jjjjca i la 
I 6 J_La *_i_u lj J} 1 La ) ^ 1 c J— i_<^t-TJ Li L- d-Lfl sej 1 1 «LdJj_Ls O-C Liu jJLl . 

V (^H^ SLj^JI L^LLtL^I (^.Lc Sj^La J^l j! t.ru.'tVl jl£ L^jj) 1950 
.(! Li» 

. I j I", ^1 1 1 13 

Ci-se j ir-il (<s-2_«-J ' LtXa Jj^iill IjLfli LjLcj jo-uLGJ! ^1 Cjj_<Ii1 jJi] 
^jjI/jjJ! ^1 0-><JJj hjIj^V! (j^J 1 taj i all OtJO ij^-ir ' h" tl CJj^j J-2J 5 I lj i"i 
j_l^JojJI J . 3-aLnJ! £Lo~Ll!! (jjs JJJLajs jjjsVI OJLfli (jj ilaJ (jSLJj i LaL>- ^1 » ~u\j 
(_L^I (j-oj 1 3* Lo£ jjJLi j<uj La LJLcj <LaL«JI tLse-call ( _ ;r 3 Lis* Sj-Jai. 4 K i"i a 
.jl_t-aIo*L) LlA IjLA £j>.1jL*_u tiUj 



Pressure Cooking :BMll tittii ^mAmnJI 



I 5 SJl^s 4_j^1o £ ^*-J-^ I 20 Lj-L^-a. CjLj^jjJJ Sj!jj>. £ I^>-jJ J i ai tiijjaj 

{J\b Ltaj ^ ^j_a i La i ■■j^i ^3-^ ^ tl) ' J^ L ^ J tl) ' ^ (1>^J * ^J- 3 *-^ ^-aj La_a 

0 LkJI 
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(jLuiUlg Olj9j.V1.nll 



Steaming : jmAhmJI 
^ i 1 a] j«J (_j-j.II oLjjj^LlU ( __ r i£.l-vegetative 4_jj_»iijJI CjLjj^LlU J£ 

(jL^ij^! ^ J-aJJ 1 ' taj ■ gall Ou>o w (jiaJI J-s^tJJ V =Lajj3jJ! JaLj/j^/l 

Boiling :<jJ«ll 

p J * * *' Cr^ ^'tP"^ ^> JLa-" 1 11" j .CjIjJ^/I p j ? »*i I 4 \$ 1 »j 'LlIjI iLSjjJa oJUt 

pasteurization 5 jmmJI 

jLx_lJI_] 4_>JL«J,! 4juIu (__Jjj>.VI .J njtla VI (jiajLjj (j^' ' dllu (jl (jSLxj 
4j^Lo 70 «L>.j_} (^jjl *j j ' a a 3jHa L&1 lie i ii Lut .j3Qj 1 j o * U _jt ^Jjlxj 

Ultraviolet irradiation n -)n hi i H $$i <Mw2L 4 *Ua j 1 

cjLijij£L_il (j ii o i"itl - j i a 1 JjLill j_uQjl <Jl<J LjJ 1 (Jj^qAII ( __ r a cjj^i 

*j j i a 3 II CjL>. ^JLl (JL^a (^j^a c. j i gall CjL>. < La uj >l £-^3j • ^1 ^-Jl L^jl^tj (jr^^ 

c -,Lu^VI 



100 



Yirradiation :WU ttb i aila j l 

Micrococcus radiodurans jjljjj j jj-sIj (j-u£j£jj£_La J!u <LajLHI 3 jj j_Ju £l 
j-jLHj ijr lJ!j gLo- T i- t -t 1 _}1 ^JJ p j 5 *" ^1 « ut 2 \ \jJt JfLa ^1 Jo-"i i u\ ( ^>^-4-iJ 
p J * * *' 4JLjj_LaJI OJLA ^ J-ir" i uJ Li^ cLu^pSJVI CjIjjVI JlLa SjIjoJLj 
jj_a el c j '.^.11 (_£j-j-J J I iJa? (_p_a CjLa_l^/l 4_ajj-~i i u U CjIjJ^/I ^j^*.' 
icLculLs^/I 3-£, I i i f_y£ CjVLs-a cLSjjJaJI OJ-^Jj . Ltj^i 3." 11 Cr^'-5 ' ^j"" ii^LJI 
(j-^-i Cjj 1" tl ^ all 1 »i L^a-aJI a i £.!jj>.i cl_>JL*_a ^£ L^-al JL^-"i < nl p_i Li^ 

Filtration :£miIjmJI 

.(jjbtll Jl ir^iaVl j j ■ ^" ^ VI olj-pjj.! £jL>- L^-aljii^L-u! 

Chemical sterilization :^ $Un£JI (tiniianJI 

J!La .-<tj jUl I jjl . SjJjjJl,! (j^ljjL^/l 3 i <injl\ 4ijjJaJI ^1 Lufc (^Li 

LcjjJ 3juj_«JI SjjLaHJI 4jLSIAaj (^'^dJ-jJ^jjlSLIt q a -i ->-■) phenol (Jj-LlAJ! 

jjKtlj . CjLjI ^_j_>J1j ( jjjLlL1 L^-La Cj Li^£Lj_<jU 4_j_<i_i_u ^ join 42al inn ijr A 

Chemical Sterilization :£$Un£JI ftMMiJI 

Lajl SjjJjlI! 3jjL»jJI cGLalA^j ^'^cLJ^jjISLII <jiMo.)Phenol J^Llo]! Jila 

j^lSJIj . CjLil^pJIj (jjjLtil L^la CjLijj'Cj a \ 1 A j a i ii j» J 1 1 ii 

I * ij-^l ^^i^ p j-j^Hj JL^-**t i nl ^laj i * V Li^ ^jlj . j?l j o H 4j 

( _ ;r ^ d j i'r->j-«Jl ,_fjJ_«JI j_U ^jl i ii U ( _ ;r 3 j^lSLII ^> JLa-"i i iU La^ . LaLj 

:3_<i£La_i jL«-II I jut 4-al air" i .il (jyij-y ^.oj . 2 j«* I '» ■ 3x.l i>ijJl ^Ir 
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( J_j1_ j _ u cLL^Li-oj-j (j-iDj_>J1 ^ ^**' * ^ i ^LuajJI CjL>. L>.j p ^ «" Lot CjJiifcLtio JtiLs 

p. - - (14) 

3j1j-jJ1 jj-u-cJj JjJjuj 3jJL_u_J1 4_ji_c_*J d_o* jJI ^pajjLjj Milton » ^j^IlUs)) 

ijr a jl LajJL>. ^ Ir Sj^jJLI 4_uj)j£Ltl1 cjLIuJI <^JJIi j 

LaLx-l 3_j_a-3 a i ii I J '< ' J (j!jJL>J!j CjLlUsj^I i ii a ( _ ;r 3 L^al JLa-" i ill 
JulLju l_a^ ^jl j^jJI «(JlL"j» V ^jj-Aj • a! jJL>JI I JLljlj 1 ^ k c_t^t_ij 

i4jj^ Lg3l jj L$J (jV ^LalcVI I JLA 1 uj > JLS^J . ^jm LJ ! (j_a (jjij-jli^ 

^j flJLxll cl^tjlj l*3-2j J19 ^jiaJl « 1-4^^3 5J^*i i ii U Ljj-uSLJI (Jj-"3 LaJ_t£. 

A ' '• 9 i_dl_LAj t4-laj ■■j" a 4>jlXj d tola ' " ) Ij J la a pi ala ll Ij (jj jl i aj| £^ojIj 
Cationic or quaternary <U£.L>jJI j? '■'^ <Lua-uLCJI CjLotail.1 alkUl (jji 

CjLjL&jJI (j_a J-±r& lt _yu\-L*A (jj-Aj • Ju-Jtll L^-al JLa-**i t nl J_t£. ^Lfcjlj (JL9^ OH"^ 

djLjLtjJ! (jjLj/^I tj-it Sj-^Iall ,3^1 1 ii U (j! Lt£ ,((<uj£L!!) 5ujL*l!l 

J" aj w j a iiiJLiLl! J i a all Lulj Li£ (jjj"*-" < L=jIj-I 5Jjj_L! ^_i^>- 1 mXlj 
.4^J^£LI! 4^cj!jJ! i. i j i ii* j ^J^' J-* 1 ^ (jr^' t— 1 Lj^^SLJL I 

jJjjj j_jj_a JiLa) 4_^cljjJ! (_ps!j_oVI ^^^S: ^ J t"i i h~ (j-^J iSj^Jall 

. La ji^ j^JI 5LaLj/ (j-Aj /'^(Bordeaux 

q\ ^ilLa jjL>JI ,j-a (j nt\'°i , L^JLtS (Jjti" (_yl>- {yj (j-IJ Cjlj^Jall ^Ljjoj 

I j I ...» i jo." cL»_jljJI L^la j ' i icjJLi ( _ ;r 3 dLJjjj£L!! ' ■ < ^> ■ 

(I t j^a_u_ a ] I )> jLjiij ^oL>.jJLl ijr 9 j^Ktl ^-i a * (ji 

(j! jJLijj . I ^3 (J_o_itJ La IjjLjj 4_LjLij_i! <i i ii jUlt lLLI j i Ij^S 
(jl JJ-il! (j-^ (J-«-»J L^jl <-^^p- (j-a 3jLcL2J! tfJUk juii" 4_i£.LljJ! CjLilaJJk! 
j_^Ja_LI ^Lt V~ i .ii JlJ^. 4_aLc <Lo£L>JI (jjs • (J 1 *" 0' W 

J-a-njj 2 la 2 « a SjJLS Jj La 1 i gJa nil «L>JL«Jll SjLil (_p3jju (jl (_gjLa_iSLII 
i3_pjl CjLjjj£LlI.I ^a LjjLaj£ Loll L-dJJ j ,jx. \l .Va-2jjl q 1 1 jUt I 
OJLA (j^ (j-SjJ Olj ^laXI jjs (J^Lojj jl jJ,l (jjs j-fJ^ j i-dLut (jL^ jj dll jjj 
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cj! j q\ i ii i^fl ^Liajj .cjLijj£LlI! JlLSJ ^LLo Jjal ' . 'j '"'L> 3 ka ^ 

^jf i-LLal 1 1, h i. ,j,,itlj . *LU ^ LpSLJ! (j^s cu^iij jjjlII Jill cull 

4_] J) U**M LaJ^ VjLuILa ~ ' ^ ' J 4j^lJ! CjI aj i h-w £_a JcLoILl J^_LlojM (j_a 

*L>-L>.j (jl Jj-lj (j-jLjjJI ^jlyjX\ Lilila ^1 Jlk-J jl . cj L jj£L<J, I jlUs ^jjLj 

^LLso La^a j-j^I (J^^ Cy Cr'l J^- 30 (j^' '-. 1 1 "lj>J 4jo1U JlLaJI 

.jl £_a JcLiij jjKIl (jLi dJJj i Lfra-_La.<3 Jjj.1 ,j_a iLijJaJjl 4jj.Lj.JJI 4jJI 
>-l!l . Cj L j|j£LJ> I £-a JcLib Lj£ 2 tj j . ..It jj^s jjLlII (jjiAJb (j^ill ( _ ;r 3 

" I a 3_JLjjJa ^1 jir~i i .it (jtr JLaJa^/l CjljLiC jlj i^-il (^Jj <_u i utt jjt 

■ La tLajIaJill CjLj.Lj.jJt 
j j 31 S-iJIj 3_jo-j_>Jt '"'I it L*aJ t LuJUx La^LoJ Cjlj^LaJJ ' alLseJj 
4_j^>. jJ^o-lj a i n CjIj j La I Lfl .cJLJI J-L^aJI ^3 L&l i mi^L (jl J) w n ^^ylll 

cjLjISLII Jia (jjs jj^I 3«LoSLi cjLjij£LJ.t JHoj-J-ls (j_a Lulj La£ ( _ ;r &j-3-aLc 
microbicides 3_ujj£Llo CjI jL^-^ji^^^^jj^LJ.! j^jju jo- j' a • LA^I 

j j at 3_«JI jj_a IjJJ^ (jl clr^>- (jr^ '(^jj mi-»J1 Cjt JLulL A^juJjj 4-al£ (^^j) 
L&j_jLCj i_i3jj La-ilj (J^-L^V Cr^ *— ■ 'WjO^r!-^' (J^J * ^i^rH*^' CjtjLiailj 
<4_j_aj_J| d -» , ^.tt ^3 Ljjjj_Ua LaLfc lj < *<* j j g Laj 1 1 (jL^ litj ^'^^ .i.u ii-r'°l 

el La t . 1 1 (jjjjLj^oJL (jLjU^I i -1 1 i aaj VI Sj i h xj 1 1 Cj I * o" -r o 1 1 

cLajLiLa 3_j| ^ ii I (jj-^- « I I (_p3j-«JJ! (j-a « ( _ ;r JjJ 4jj.L>. (j^e-tiJ 

3jlj-j in a ^y_Hjl ClcjL^ La_ijj .oJllJI Jj-^iill ^£ C ii-u La^ ^^paj-aJJ 

jut j-^i JlJ^. ^j-^ (j-^ l-y^J I J^J- 1 dri 1 -^' (j 11 *- 1 ^ C 1 ^" I I J alaJI 

LjLJ j i >L^>. LjILls oJLijj L^jV S UjU di! jjSi joJ L>ii 4jLj-VI j ! 3 jiLU! 

4j_aJU La (jL_uj^M l_3jjlj ^jt ijr A 4_aSL>J! ^jt . ^i!La «OU! » iLjllL ^ )1 t aa rt duL^ 

La tiJjjj (jL^ !ij djLjj£LJ.I jjitjLul!! ^Lmj^U j i hj"_i jlsj .^LLulj I jU.j 
(jji Jl i n"t jiijj . *>LJ! i.ii>i dJ! jjj SJL^tij j-a^/l I jut jJL»j jjl Lai iJ^-La jj* 

( _ ;r Lc LaLa-i J 1 i eaj La^ 4jj jJI JjLljJ! J ' 1 ♦ (jV 3 ' 

(j-C Qa_aJ-«-J La-Lu »l a I < tl (jl j^jGj-LdJ j J^J-I (j-a-Lx.J .CjLjj£LJ.I 
"p j ^ ^ ^a-l j'^'l Jl1£ Cj 3 T t ; Jl CjLjj cJI^J ' "I J ' jcJju La-a jil^l ja^J 4c ^oolDa^s 
La J_33 j^IaL>J1 (jj-SJI (^jjS p La 11 ^ J_3j JlSJ . 4_3_lj_>J1 ^5 A-jLajtJI J 1 J 3. J-a 



103 



(jluuUli) Olj9j.V1.nll 

(jl LLxLc (J!j Lo I ( n U~ Li3jL«_o (j-o 3-ajjL«_o ^La lillj i^L&j-a 



1 0^1 



CiLj^^j a U ^1 a mJu I ^ -j J < ea ) ^Hj ^j_>J!j 
(jl Qa-Lgje-j jJI Lai . 4_ul jlc. jljjs j_uQJLi 
(jr-i-^l . * *■>> CjLl^£_iil Jal mi \ 4 i 1 1 ii al «iaJI ^1 i ii'°i 
JoLcuj jj-a (^-^^ ^Jl (j- 1 J-A * 1-^^^ tilaJjl £yz 

d j a ifrl (J-^l ' ljIj^-^* Lu-uiJ (j^llLa-i Cj Li ^j£uX I 

j^_j_>J1j gLj-il in 4_j jJLLl! ^j! J-j-jO 
' 1 LaJ Li J i a ajl I JLfli ( _ ;r 3 (JjLuLjj/J 
. i ii II J La-fl-ll ( _ ;r i «L>.j_Zu ^j-jI j mi 0 , _S I i ii^ Lai 
^ (_L^.lj_U ja-Al 4LlIj t^UUII (JAaaj I JjI ^^i^Ja 

.4jjJtlJI 

^JLlI cLlLulJI ^a_fl>-4_j_LaJI 4_o*LlJI ( j-a - (Jj^-a^I I (1)1 
oLu>:vi t a LtlaJ I ij^Lj LLL>.J ' ^ J ^ ' i ^* ) 

^ J j 2 * " J «L*_a^/lj SJlJlIIj ^«_ill ( _ ;r 3 d a i^L^II 
Lg^alLaj ^jl j^LSLII *^t^" Miijti/il 4_ijLa_j£ CjLljjj>. 
sLUslj-cl (_L^>-I (j-o L-^-aJUa-" i iUj ^jJI jLlj 
' " i " a "■" 4-ulj Ji-utjj j>SLJI jljJiLa . 3-jaj-^JI 4jjLa_iSLJI 
La! a , ; , ol (_psLa^>.| ^1 CjLLu^jJIj j>^K i ii ^1 
ijr JI J[j se "1 i L^-L^a-t-jj '"■**' ali « 1 j < >. • ■ a ^j^a-AjJI 
d j i mi-»JI i al jtVK-^l .Ull j_ l ^sLic Q*jJ • <-. » ' " a 
t 4 a i^-iL^II CjLajy_i^/l dlaLj/a-i I aj i uJ V-^La 



105 



(jLuiUlg Olj9j.V1.nll 



LgJ jL2_i^lj ^l_Lc.VL£ SjJL>J.I CjLujiil! (jl . L<fcjjj> CjLijij^LlU i_*j<Jj Lufcj 
L^jflLaJa (j^ S> J (jt i, £j mi^-j (jj-^-Jl ^^gjl <" i ^ l-»jjL^-j.aj r e T ij tilt-o* *^ji 3jm_a 
4_lj!j_A^L!I CjLijij ^ J 1 H Qj n"i 1 11 U <tcjj_tl (j-a £3-1 £ ^J^' SjmJJj . JLo-jJI 

J_a^X-J Lt-LQJV (_j-&J I LjJ-uSLJIj (IjjjJJj^JI) CjLll^-L>JI J fl I "1" (_yJ.II 

. cjLi^SLlLLj ! jl>. Sjijti! 5jl • ac (jl L»£ . Q^j_>£LI! jlu^I (_yjLij 

( __ r j3 ((jj-j_La = (jj j I j tl) (j-uj^Lj Sj mi r La^JlX. jAjj (jl i_S^JLU (j-oj 

jjj 200 - I 50 (j-a I ^e-i <tjJ)L*JI SjJLJ! £j 1 ^"j . I JL>- ^ Laj ui ' (__rJ*J ij'mj'i 1 nil 
^' 1 a a (__r#^ i_s^l>JI SjJjuJI 3Jl_l>JI ^ 1 . a 1 1 SjJLJI Lai i^_jjJI (__r3 jLiJI (j-« 
a * * «Lcljj LaLs-l j 1 in ♦ II (j-*J * L_l«^_i j-lJ 500 ^-U-lj Cjljl * M Lilj-zeluz 
£_a-4_<Jj^/l SJljlUj . *l ^4!! 4-u-ul 1 11 -»JI ajajuiu LijjV j-iHiJtl (^ CjLjjj£LJiI 
(jli^l uuJI «Laj i(jl^_L>JI t_iL«J i—iiiejj . LaLx-i sLuljjt V-CjIjLiJI aJJt 
Jl J p i nl ^alj I j-it (_;rl^.J iduLi JjJL^J CjLjj£LlU ,jji 3x.jjJ.I tfjufc 4jj^lJ.I 
(__ r Lcj -f^fy SjL>.|j 3j_o ^Lt£.^/I (^ 4-lLj 1 *tl 4jJj^/I 3jL«jU ^jUjco JjJljoj 
Ljj_uSLi (_,i^- 4-uj/Lu/I tLa^aJ (^jJlxj sLlIjVI SjjlU (_£ j-!l JajIiJLa dJJj) 

1 f I i"i j ■ 3j-qAlU J-^c a! «JaJI CjLujj>. (jjs (_Lj^J ^"'j^J 4_<jj&J) (_psL«j>.ij 
. 4jjJ.I Cjl_ijj£Liil LjLojj 4_uj* jJI (_paL«j>.VI (__rLc j 1 aj 3j (jl (jl 3J-><JI JtA 4 - 1 

.0j-«-lJ 3jsj^UI sQJLLaVI (_psL«j>.^/lj '"'I LjjaLTtaJI i lLLIjI^ (jl ^jj>JI Jjjj Cr^' 
Sjij^>.j^ (j-A j-Cj \~uj K\\ 3JjJLr»JL I Ljj-uSLJI (JL>J,I \jJt ( __ r 3 JLcLcujj 
(jlj_i_>JI L^JjLuj CjLjjjj^ 4jI (jjs JljjjjjSLII jj-u La J_c£.-4_lIj^/I SjiJtll (^ 
^Lul J-ujjjSJI I JUt JLa-" 1 ill . .." ^LlC.^1 (jl Jjjjy . (_pijLiit>JI 

(Jj^Lj (jj-jJI Cjl^ mi-^JI Jl^jUjlj * 1^1 ( n*^\ (j-ujljjj Lfj-fll I 11^. I (^y^ (j-Gj)j-J1 ^* 1 

.-,^■^11 jjL^^j ^iim .n aii^xi Ljj^ji ^-^^uVi j^JK-c-^a^ji 

i_ijjJa ( _ ? jv^^^^£L_La jTLa ^uj . I (j l"i oTl (jf ^jU" 1 n" J)l jjs ^\ LiJjLujiI (^ ^'^ 
LjJLujIj^ (j n 1 n_) ((jjlj_>jj>j) (jJj' o' Ct^ JjLOl.1 jJLJI J)L»j£.VI I ju_J 
(^ ijjj£LjII I jujJ 3jlo- jJI SjIjJI JiJ j> . Crithidia oncopelti (jAi^ij] 
( __ J _Lusi a -1 se j LijiSLc J>^)3 Lpl jJjj Symbiotic SiiLCla L_y_uSLi ^j^LijJjj-JI 
q\ \ 1 nijll gL-ul 1 .!-»■ Ljj_uSLJI ojuk .Lysine & , nj^UI jj* j^a-JI (^ «u!l ^Lbej 
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6.J 1 ClUgjSxoJI 



Lj^ j'i'C jJI (j-a Cjjjjs- ( _ 3 jJj^SLlji LjJlAjIj^ (jl _aJj . ^1_a ^J^/l (jl^-pJI Lai 
04jH-j_Li»lU! j_a (jl LaIjJlC (j-o i.'ijri i"i L#j| _aJ (_gl-(j^ I ' " ' itl 4JaLji^j I j 

. (j-U_u_)^LJ Lj -iJIJJ La 

tij>L^T juL JJa! oLijijiLji! <_ylc 4jjJuJI ^ jLaoeVI q] £-iIal^!l {ysj 

j^ljjlj i nil Jj^jxj 4 K i"i a ta 5ej3 dllju (j^J jlJLi^/lj ^Lt£.^/I J^i ^1 (Jj-a-i 

-jjjjjlj i ..I La 1 1 aj? '"'^j LgaaJI (J^ti L^jl (jjs ^^.jJLij .tyujj-i ^1 I uiillj 

i ill i £-aj . Ljjj-Sj 4-<i£ *L>-Ijj>.I w a-i " ' I ctaaell jjjjLj/^M (jjSLU 

.cjl_ij_)£Liil (j^s j«J! _ac 4jL«jiI (jjs 4-iLLmJI dlj^^/lj (jl ^jj>JIj (jL^u^l o\ js \ ^^a 

JL9J . (joJ^JLllj jo-ill '.(j-CLajl J (j-Gejj-a £-*"tJ^-^ JjJ ' " (^y^Lc-^jL-ojVI (j"n< 

cjLi^j£LlL! i> jla (j-a j-u£j S tiiJlilll (J_*-£iA11 (^^a w «j-uiaJI ^All cjbc^SLLa o-*iuaLj 
(j.il in _tj.lOLa cLj_LojjJI *L*-aVI (_ya ojlsij (jl (jSLa-ij Sjijiil £tU3j^>. ^jL23 
<jJ1_L& <j-^-!j -ajLc i_l!l_L& J^>->j Streptococci (j-o^ 1 "3 Lactobacilli 
Escherichia coli i_gVo^ LlAjj-lAjI Ljj_uSLi < _ ;r JLc T : Liaji CjLkij^Lus 

«Lc ^ a -»J. cUljLj jLjlJI jJaJj Ljj-_j_II£Ljj (jl_j_j_L1 jL-C. ^-^-<-J Lj^ i 1 lj 

JoLajl I L«£ .3jL«JI ^ SjjjjjJIj Chlostridium ^^-jJl-j^" . nji£ 

( 1 jij^Jjjj— i) ^ ^J-JJl t — 'I^^tP* ^W-^'j ^)ju^ft^alu>_tjua 0"*-^ Lj^-tllSLi (j_a 3j_ijL>. 
Jj J lcsJI t. < i < uj (ji 4_*_alijt_a Cj Li jij^LlL 1 oJ-tb a La ui (j^- 4 - 1 ^ . cLuaj-a_a 

^ o ■ ga & f£u ^aJ a LlLs (j-a LajL^oj (^H-^ CjIjLilII ^j^/ ^LlLa 4jj mi i 4J^1 Jjlj 

-j_«itjJ!j jjiII! «. LS l-di LuLSLII ajjt (jSLIj .«^jjJI »j! ^Lajj^U ( _ ;r <j/Lj/V! j. i . I 

4_a_i_2J! jJi! OJUkj . Lib jJLJ ^jjjS iJj-J^ dJ 1 li SJjJlC j! jjs (3^^ 
(2^ >i ' ga rt J/U^L«J1 *Ljs_t-aV1 (Jjt_=»o (jl LaLa-l j-u_ojl11 (j-aj «* 1 (j^_aLl_ja «Lc^_aj?e-a 

(:La_i^3l Sj_Li.^/l i_ij_>J! (jj^j^'t I (JJi jiil (jusLua ( _ ;r a 1 _ > ^S_l1Li 

i£_j-jI_<j/I SlXc uia cJjj' lS^II ' . ' I jj^' pI lie. (<s-^JjL}j Jiju LaLaj 
beri-beri ^jj i^>jJI o^J- 0 ct 3 ("^ *l- ) -*-'l I ""'J o' L>^i>^' O^J 
w L^a-I aj i jLne (j_a !j»o*j 1jj-i>s l)J c J ^aj 1 1 (JjLjj LajJtej .^Lit (jj L^ae 
(jr-i ? i II (jlslj-al L«_jj_<j/ jo-^lLc Cjj^Li-ja^jLiLAl (^ CjLjjj£LlI.I i. . I r I (^ie. 
O j" 1 "^. 1 - 1 " ^^! nr O J) " (j "J (jjjJI-sLilaVl (jl (^a L-u-uJ I jjk Ijjkj •cr4- a 

( _ ;r jJI 4joj->JI cjl^LUalLi (j-u>JL«Jk! (_p3jJkl ( _ ;r a ^ aLliAll ^ ^ 2 i (_p3lj^.l (j^. 
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j^j-a (jlj i*L«-a^Mj jaAII ( _ ;r 3 Cj1_ijj£LlI! La J^>- (_j-JI J^H^ W 

4jj_«Jk! jIj La -'-iM t . p i ,i ->J| j-i- 1 J- 1 ^ cj-^ '"'I " aJJt tS*^ 

(jJI dal £u£l (_£.sf JlSj L-kjLLij ^yJI S^LUs^Li ajJI (jJjSuJ 3Ja}Lc <tlj 

( _ T ic *L«-a^l .pernicious anemia 3 5 j i -^Jl Lla-u^/I £^Lc 3jjj 

. I ''-ji 4-aJl$j CjLljij^LjLa (^^Lc (_gjHr»>j Li£ I 2 i_! jj-UaLLi 0 , g. * l aaj CjLlJj£LLa 
jJa! ^1! ( _ ;r 3 3-jLJa]! CjLi! ^-l>J! I g U <mj (j^' ' ^ V cJ^-aLLLa JLojjuj 

LseJJ lJi-LlS Lc^aJI tfJLA (j_a <L>>jLlI! CjLjj-LajU! jLiHi.! ^-i 4j^_j_>J| 

(j-o £3-1 L^jL^j ij^ujjaJJ jJljj OuL^ A^j La all CjLoijJ,! (jl liil j i^L>. jJlj 

tjl i ii iVl i *ll ai L^l^-3-ja^tC. I i_al uu^l 4j1£j j_a^M Ij-iJ ■ SjLiaXI 3 >xajj I 
.4_LjLjt 5j J i a J o - ^ l - J - 3 'jj ^jLj!j_L>J! liilj O-a-i jl-L^J^Ljj sGj-lL^S 

3-j.iLc j-J-C i .i t ^aijJI (jjj Cr'l ^ lr ^J 1 4 1 J SJs^LaX. ~ j i aj j«J (^-Aj 

jjSLIj (_5^>- d * a a I c ' La j i a II J I aLtll \jJt (_L«X. 42jjJa '-^J'j Laj .4^JVI 

i ua. 12 t_) (jusLLi^ Cr^' W>t!-^~^^ ' (j ' "J^J-M (_LoL«JI 

cjLjLAJJ! (_g^IL>>jj 4_»_Li^-j ( -j -j-JI Ljj_lj£LlI! liJJj (j-o SjjjjJ! \l ■ ^It 

cilL- LJv 4jl_»_a t ijr 3 I 2 * ) (^-aLLj-dJ (j I ^_j_>J1 JjL^-l j J 1 tUJ ijr 3 l_3Jl^J! 

oljLiail oLjUj jl jl I^K 2 Laajll i>j-it i.". uulj .oLjoVI I JL* ^ jjl jlll 

S-jjJu jlcL^ij (_gjJ! 3jLc 1 2 t_i (ji_oLLii Lg-m-iL 3_j^>j| 

^JJ ' a * ^i^ri-^' Cj1^Ltia_L1 CjLiLoj JL^-**i i n"j . Ljj-uSLJI d * * ' eaJ ^jJI 

3l_cj_a Q-5C j ir-il L^_il j^IjJIj i4_ajSU! (jl^jjJI ^ J.'J~ j 51 Laa. 

»i all )l ^JJ La >. (j--a J-jj— 1 ^jLLa-l w I c L^Jl 0 1 u\ {j\ <■ n^. jj-a JjliilJ 
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(JjLct_i (jl (jl i 'I t^-J (j^Lajj •^-£5-^—*^^ CjljLiiall ^jLoj 4_j_uaj-a CjLij)j£Lj_a 

ijjjjl—Ljl (j_a JLjjJLl Jjlj JUj^lJ ' ula t^j" i u a CjI j CjLLujjj 4lLiJpJ a! *t-»t1 
d j iiil i n-»J1 (_£jj ijr U2»j-L1 d i i ii l (jl Ij-ol (JjfcLstlj (Jju>JI 1 JLA (JlLa (j^lj 
. 4JI n »"i i ill ^jj i". Jjlj (jLajJI (j-a (jjJLa£. J^Li- jljJaLi ^J-ilj JL3 1 1 n i jit 
ljL_J 4 j i ill i ii -v SjLx-iJkl CjLjVoJ! (^yja (_p3j_ll (jjs 3jLU 7 JJ*-i J-jjj 
jJjLu ^jJI 4-u-ul i il>J| aJJb (JlLa (Jj-^I ^j>.j-j (jl (J_aIL>JJ • t_^-j->JI jLtiall 

£^Lc Sjsj^ ">j_u£ ^-Jp- pi ' n'tVI JLi-Lj LajJx. 3 j i nl i ii-sJI 4jLa-"u nl ^\ 
a I «jaJI ^Llil (_^3 ^i^rP^' CjljLUall ^ljiitjjj/1 (jl .(_psj.ll 

4_j^_lj>JI ' 1m i\ ' ga o 1 1 4_ajl_JLtl Ljj—uSLJ! g I aj )l (J^>l (j^a (j-ojj ij-Jaj. j-^l 
4_l-lLl] I LuLiLCaI ^jjs 3>LoSL!l a a ' (j^ 4-JI (^jJj La (. 1 1 1 n_i Lajlj ' i meja 

<Laj) LuaJ I sLsujLCil (JjLu/j ~ .' 1 *— ■ O^'j -0 ' Cr^ 'Lstx^ljJI 
(j^jcLlaj ^ J c ^ flJI (j a -»JL^ 4_u_u^)-LiII (jlalj-A^I j 5j i LajJjC 4_jj^j^3 
(_Lxj3 jl J-JJ iSS-^ Lj^-jJI ijJUt (J-i-a ^jrfl «lL«jlj «(_ t jI/ tiJLijt jjjijJj .^LvjJI 
^jJjlII £y> Jaxj 200 ^aJi dJLLAj .4JUJI <_ i i g> (_>j>.ljjjl j 3j| i^-iU jLLi^I 
(jjjJI (J!la flj-ilaa. LUsljxl J n i"i" 4cjjJll CjLjI^o. ^jjs Sjjjijjtll 4jjjj£LJII 

^jls Sx.ljjJI Sjljl cjjjls jlsj .(JIjJLJI (j^.LLaJlj ^jjJI o^J- 0 -? ^^-"Jj-^'j 

JjjJI (^ I a c I i alj (j! (jSLaj S^uiUI ^Lul (ji 1956 ^Le Sjjajll oLjV^II 
(jl irl—La cLijjJaj 4jJj>J,I 4_u^SL_Ji! (_ps!jx^l sLajaLC^ C^aj sLLaLJI 

5j Laj i oAJ (jlslj^a^/l i>JLA (jjjLa-jSLII ^^LnJlj (Jj Laj Jl jj?£j>J1 CjLijjjlj 

(jj^jLj ^Jj iljL_j>.| <Lj_]J^t CjJLso (jl (j£_a_I.I (j_a (j-^Jj i«LLuta jjJLs. (^ 
(j_a «L>J iIjJljs. Jljjj .=Lj_ij^/I tfj_fl> (_psj_2Jj (_yi>- LUsjJ! (jr^c li^.l-1 i—kaaJJ 
-jjjLLiJI 4_uj/Jj_l3 (_JjJi^. (jj&j-Cjl ij" i nil ^jjj A^Lfljjj^^/l jjjLl>JI 
jjjLliJI (jjs j^a^eUI 4jZ.LLa jJLAj (JLiujjJIj LuLijj/l f^°> «LljJI I JLfl) j-SHi ulj 

fiLcjj_oJ1j . 4jX.^LoJ1 ^jci->J\ 4 1 1 1 n a Liljjjsl * i^oJl>. (j^ 
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La-ilj <_* uiaj 4_j_al_Lll JjjJJ V 5j j La a. j J i a a (_gj J * I I J^_uM 
<j-* j_«_> a^ui (_P=I j_al £La-3LCa d K u i a jl . LUajl 2_aJ_2ll,| CjU-alo^alJ 
. SjLxjI! ^aVI 2_c|jjj|j 2_jjjL^M 4jj-& Lg^a.|jJ (_ylJI 4^til.l CjLcjjJsjJ.! 
-(J-u^LojJI (jja (j£j jaJ (jl Ijj-U (j-a-2_3y!La jj_a^M DjJt, jJj(Jj 

2 j a ifrt-i (3^*-y ' ".ft jJ'jl * JL i : ? , ^' 2_ajjiJ,| oul^ ^^JJ (jSill ^'j - ^' lSJ^ 
j^I 1 n->. CjJLao (jl CjLjLjJI (_p3lj_aV (jSLa-iJ . 4jX.ljj.JI Jj i^iLaJJ (_y3 CjLsV! 

jlsj . 5jj-jJI (_y2 ^l j-^- ij- 0 J '"' j I cj!j_<it>JLi j ut~'<~ (j^j i4lSLt 
cuLjV^I! ^ 1965 ^Lc 2_tc:!jjJ! olaVI ^ 2_^|jJ! 4^;,„|| Sjl , cIijjls 

1 Ju^aJI CjLijJai Onl'l JLSj . (_yJLjjjj-ul £ L>-'^>- (j^J-La 900j Q^jij a* SjLkjII 
(_Lu^sL>J»l JUk (jjs Ij Jj3-i_j ^J-><JI (Jjj^sLajs 1 M" ^ 4_o! JLi CjLjJai (_yAj-ruts 
(jja (j-u^La 2Jj^ij jiUIs'^ ^New south wales 3jjjl>JI jJLj MJ-^ - cr^ 
Jj i^T^a (j^a Lu>2 4jLU ^ 40 <_oJj JL3j . 1948 j 1947 (j-aLc ^ (j^LJ! 

LCj^Ll L>. jjt ^ a i uJ (_p3j_o 4j*_uj I 956 ^Lc ^Ljjjj-cS (jjJaLLa (_JJl>.I ( _ ;r 3 jjVI 

2^c_lu 1935 ^Lc LS_LaL>- jjll J j i a se a cJj ' ajj lLLIji^j .Hoja blanka 
jL_Ud j j c ila3 (j-* 4-*-3j-a-a 2J^L*_u d 1 1 1 imj « La-u (_^=>j»a») CjLjjJajill Jl>.| 
o jut Jila jjjjj . (Fusarium oxysporum j3 u (__, i ..^1 ^jjjlj^-j^ 4 <i,„\ SjLc 

(_yi*J ^ 3 '<3'j_9^' '"'^ ^ 2JjJ_a ^jkj 4jbieILa CjLSLlI! 

(jjiLcJI (j_a 2 yt^r IjljLci (jl-3 fl-laeoXI JjjJ! jJx. Sj-aL^j-^ljJI 
^ j « j Lla 4_ajl_S_a 4_t^,1jjJ1 (Jj <^>L>J.1 t^J-Jj . Cj^_a_l Jl^J (jLajL^U (^^pajjLuj 

2 jj Li jToJL Li ^ x l a II 2_jLulJ| La LJLca , L^-l3 jJLLJI tjjj 

lJ j$ 2_j^_j_ > J| CjljLiiail ji>-"i i ui (^JJ^J- cl>»- Sj_p-VI (j-LtuJI (_gJL>JI 
j_La-i LajI < i nl c^l a3jl (jl j-j-c. .j^IjJI (^Ja 2_J|_«u3 I j j| CjjL>.jj SjcIjJJI 
JjLuijJI (jjsj .3jLc LgjJI 3j>.L>. J^l j^yjt j^LJI VI L^aljii=jjj/I 

Ja j) I V «j Cdj 4^ II (Jii-a j j^»*.tl ^a (^jj>.| jl ^a_a ^1 JL^-"i i ui ^±LaJI * 2_j JLlLojJI 
jLtj^/lj caj«Jlj 4^1 jjill 3_cljj (_y3 2^j La all CjLsVI jJJi dll j ^e-ij J-^J^ 
-(j ii I in 1 ^a_Lj_3 * )J)j»£Lj_a i. nun £_j>.Li C^-ij X I Ll j-LflJtjJI (jl L_£LJjJaJI (j-aj 



6.J I ijS CiUgjSxoJI 



(J-La-aJI 3j_a Jjl LkLiijL^ ^ylll oujjSLI! Ljj_uSLi ^^j-. Thiobacillus 

C)l i i II ^-la ■ ^ 1 c i^l_p_jj-aSLl 1 ( __)Ja-aL>. ijr II £i_La_u Cdj X tl JU_u£^Jj- ijr jlil]1 
Cjl_jj_ta-3 J-S CjLsVI ^Lai 4-uaj n -»JI 3j_jJ_»i/ 45;U ^1 I alalj (_£J>jjj 

. i__iLlc^1 ■ ajjj jjl (jjs ■ kj-Ja! sLUsj^jJI tfjut (ji VI lOidium ^jjjjji 
Su-cljjJI djLaV! ,j_a Laj_l£j cjLjJI ^Ij-aV i^^-uJI JbtaLSUIj 

. I j" tj A U cJljLo CjLs^U 3-ajlJLU CjLij|j£LuiiI J^a-till £Jl~? '"'"^ 4jaLu/^j 

(j"^' £ ^ ;: ?"->'-5t^' MJ-^W C 1 -^- O"^- (J-"^ O'Sh'J"*-" USh'jUJ^' -^rA^ 

d j g , ,ij ^j-^ * C""*^) C ' l~»» dim flj n <a ^J^L>. ( uljVI JLua di-Iij 

(jialj-al (jjs (_paj_«-S t_uljl £-i^aj jl JLC I j<u I 952 j»Lc (j_o jjLo (j-^' (j^ 

L-ajjj> ^ jj \ ,jS L^s-lj^j/ (jilal j<u myxomatosis 4-JaU>J,l CjLj/^j_Li!l 
^^.a JjtlaLia 26 1953 ^Lc 3-jL#j o^jX\ \~JJt j .ViLa lEureetloire 

L^LLajjj ^1 (j-oj-II j-o o^J-" 1 ' J-^J • t r^b*' ■ SiJ£ 6-° ct^ ^ 

r' La (_paj_U JuJa "tcLlM i_ulj^/l <_ 1 1 n"^"j . Lijljjl (J^ (j^-i^ 0 O^' 3^3 

t taj? t_ij_>J! jju 5_ujj^/l *LcljjJI (_>iL«jJ lK'J-M X^J • J ^ JL "' 

( _^iaju ijr 5 ^LuVI ' d c I ' gaj JL9j . SjjJLa j^paj-U t dul^ ^jlj it— uj (jj-^ 

jj^S \ Ju^-C j^pajJLl 1 J_A j mi i ^JJU>. (J^^>- lLL*IuJ1 jj-* t-ill— i-A 4_u5_*_ojJ1 
j»Lc ( _ ;r i i.'i i tl ■ i-ilj's ."ill oJLA Jila 4jjJ (J-ujJ ^^Lill (j^Jj • ^tH^Jj-J 

jJjjjJI jjj j^iajJ^Li SJLts SjL^sI ^CLiLi^sl cuj (_g jdl i_uj^l jju-u q\ 1 964 

. Ifl u-v 50 »l i nil 

O Ljj La_a ijJLLAj . CjLjjij^LlILi S^JLuaJI CjLsVI £Lail£La (jl£!jsVI (j-Sj 
j;^^' jj-^- 4 - 1 ^ ^ ^-O— ^ o ' ^ gjj jj-oJaUa-JI ^jju Ja_j_r»o cL_ojILia 
t j_ a j_LtjtJjj^j nl t uLj l -uL lj (jLSLaVI ^jj-^J . Cj 1^ i^i ->J 1 jLjJa L^Jl o***i t u2 Ljj-uSLi 
w (j j'a . j i .i jll j ua Lg^al jj-" . »V i LjLso Bacillus thuringensis 

^jj-LSLjjjI j i .iLij£j$ .i i ii j Cloaca L^lj Kll (jjj ^jjj jIj^>JI S^talSU 
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. 2_l2-JI CiV^I 1 d\ ^1 ulj 1 Lla JoLlo-VI (jJljJjj . Coccobacillus aericlorum 
'O "J "' 'JT 'JJJ^ O *" 1 "^J ^1 uu Bacillus ceyeus (j-^jj^j < " (j "I < "L^ 

CjL_uJJj-l3 ^1 JLa-*i 1 nlj . (IjjLj djU j) (jlj) (jL_aJjAJ d 1 I u itL) 4_LU3j-a UL5^ tj' 

(jjiLJ! Ijlj ij^>- LoLxj 4jLil ^3 tfLsoVI I jl& ( _ ;r a li^t-Jlj . I j i i u i (J^^-u 

j—i-a-LJ Jl3 2jj La-aJI CjI JLullj 4jjLijSLI! 2_j^ uljJI CjljLuJil (jl (j-a UJ ' 'V"'-' 
. sLLljJIj (jLjU^U fljglaa. JL>- ~ j i aj '$ CjLj!U! (j-a 'LJLc 4j>-jJLi 

.SlcIjJJ! ^ tj^jj^jU 2_uil.l Ljj_uSLJI Sluj-aI JjVl J.^Atl ^ vzjj^j 

£L»1l>.I (.g-ljj SjLac j^yfl fljlj aj ■ d\j CjI jilt t_!^SLJil (_£jJlC I jj'a j<s_u (_^-<-tl 
^LjivVI I JLA (jr^- £ >J^- a ^l J <g "ilj • D^-JJ-i-^l O^uTu ^1 i—ljij^LjjUj CjLjJI 
ijr Aj Lgj I **M ^jy-i-tl Ljj-uSLJI iiJJj)-^e_lJ p J t iij^Jl^ 4_jJJLJI CjljLtltl iJJ _A 

S-jJLiLa ^^u^jlj cjV^vLji c^jl£ Uj .Rhizobium ^j_ujjjlj 

3ji?jti jj^mi 

(jl^ I j)l (J^Jj • < L*J^>JI 4-*jLJa]l 2_c|jjJ| t^jJL-u 1 (jjl j» ^-Ujjj-jljJI (jjl 3 J_L>JI 

V! Llal^a (^Ijj ^IjJjl jjjl >a> ^lj £jj f^i>jj^bj J>V ^ L « ;L =- 1 
. a i< jUtl o' i£~*£ JalSwiJI (jjs lS>*"' d d-tl-'-* O' C? 1 " ' ' 

(j_o 4_L«Jj I Otjlb (J^ISLla t_ljj£LLa alder ««HI CjLjJ jjj 

( _ ;r 3 jLiilulVI cUSLx-l I JUkJ (cjI'ij i njLaj-Lu^^l (jjs ^-3) CjLjjJaAtl i_jLjjj/I 

(jjjTj sherpherdia I j ij j a j u< i . il ui c Ij 2 ^jlj -> , ^ tlj 2_al_>J! 1 jj a l i U 

LaJU cj ""'I « fl HLmXIj 3j_uLi!l 2_jj_lII ( _ ;r 3 j i~ 4jjj3 CjLjLjj . "il » i^ '", , .. 1 1 
jj-a ^jj>.| CjLjLu j^^-a-ij ' ' ' 1 . Ls^jJsi CjLjLiJJI i>J_A JllLat ) »"< • 

j j- - CjLjI i itl £jja I 90 j se i t_iIL_LA (jl l^jjjJLIj . ^j-j>. VI ^^j-A j i^**' i (jl 
lichens (j-ZuV! 1 _p^a-ia . jli«JI 5jml nm ,ju>.jj_uJI c^-uj CjIjjcjIJIj 4_lL2jJI 
(_yj-!l j^-la-fl llj 2_^jJ_LI s |j_Ua_>JI < . tl seJaJI 4_jJ^j_o CjLo^ 
<Uj-La3*J I S Jjjui (JjLUI ^Ja i u! (jU-><-i (jl o^-^'C^^' Jj^iAJI Ltl_iij)L-!S 
CjLjLjiJI , .."j jj^j-^-UJ I Culi Ij-iLS I j i " (j jjje taJI iiijj_<iJI (jl^ ^1 

l_i_jjJI JUkLika Jjuso LdJjj (jyjtj i^IxmVI iJJb jj^- J-«-iJI joJUX. Sj_AjJ.I 
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^ Krakatoa 4-uL£j_l!I IjjKIj^ 3jj>»- <^J>*-ajl 1883 ^Lc . ,j;j_ilj>ijVI 

I _JLacLa.il CjjLc (_,-Jj^I ^Lp''-" CjLuLCJI Oul£j i3jjj_>JI |<u2i] ^1 

aJJt Cj_-JL>- LaJ_t£.j .(jua-jjUii! 4iAU 4j3jjJ,l s I yt-a-Wl I 
Cj lj__iu_>J I J JJ J k» llj ,_£j_».^/l CjLjl i i II J_jJlj>. (j-o -' La j J CjjLc 4_jj__JI 

. LaL^j 3j_aLc (j^?l 3jjj^>JI cit i ir-ilj . cjLjl^pJIj 

->! » LaJI ^LuV d 1 1 ii it Li <Lu_/L_ui jjua-jjUii! 4iAtl Ljj_uSLJI O-lljLo 
La _.}LJI 

cCLuAl Ljj'i'C j 11 (j^s . LiJLi «L23jl LtjjJaj ( _ ;r 3 1 " • "j I <_?-^ Jj"^' '^-^ 
j" ( ii^JSj Azobacter jjSLiajjjl JLlol <j_o Ljj_uSLJIj . 31al_ClLo o . .nt ,j^>-^><-tiI 
Desulfovibyio jjj .' ' a j^ 1 'J Clostridium pasteurianum fuLjjj" . ..Li ^jjJj 
o_u1j-3jj>. 4 __ r uJ I (_£j_%.^/l cjLijj£LlL! (j-o tj\cjj jl (__]l SiLUs^Li 
j_».| jJL»JI ^1 =l>.L>. L^j i."i i njlj '(JjLc cjLu (_gl ^-jLlc. ( _ ;r a (j^>-^>j-JI 
I j -i i ulj i3jl_>J! (^laLUI Sjj-JI ; . »l ■ (jr^ LaL* Ljj_uSLJI ajjt 
I j j| ^1 j^>-jj cr^ ' t 'b""^ O' J^ 1 -^ O^lj . beijerinckia LiSjj-lxjLj 

£-i> Cjli i." i i .nt 4_i£.ljjJI 4-O.LlJI (j-o L^j! (_gl i<j-^jy_i_JI (j-o M^jls Cujj 
^j^Ls-i 4_ijL»J1 ^_jj-jJ1 fiL>.Ll_a fiLt^L^ cLu^jj^ ^1 iJJLlA Ci i "jlj . j jj^ 
jjj . (lA^* ll^-*-^ ' ^ * ^1— (J1 CjI_j_<iSLJ! Cl uT li (j-* jj-* Lj^j**^ itl 

(J Ijl i a 5» La£Li jju>.^pjJI c^jIO V LiSLijjcjLj (jl i_ n ntl Lai .(ju>.jjmll 
l_^_La SuLjiJaJI ^ 3jlr La juil Lj_uSLJI ojSj j^j . L^I V 3K »,« 
t;r a : j^jjjJI jL»oVI f_y£ 4j^)L>.j jji_i£.ljjJI jjLo LtjL^c (jSLj joJj .jjIL>J,I 

. Ljj_uSLJI aJJt Jil^J I ' 1^ (jisjVI jIJlcLj ( _ ;r cljjJI ^Lu^l (j^ 1 SJjLa^s 
lAzobacterin ,jjp^Lijijl SjLxj (_p3j^/l £ l^* T u-i 

1(J ILi^j 1 .ill jLxjVI Azobacter CjjijVI j"^; j a j ^ -»*<... ^ 

La lj_u£j . L*ljJL>. ( _ ;r 3 LbjLS. lj*C i"i Lkjs (jl-ajJlJIj (jl-u-u jjj I al nUtl (j^Jj 
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Auxin like Cil ! j 1 n^j^L 2 g j j ui jlj-a j-Iij <^>jj^' Lyjj^J jl 1 a 5 j * I 
(j_o 4jLj_^j_x_o S^Ljj (jjj j_«_c-JI lr CjLjil 3>sL>. jIjjj ^^j-substances 

4IAU Ljj_uSLlI! (jl (j1_Lal (Jj-2-i (j! 4_L&lj_JI Ll^jjla JjJls. ( _ ;r 3 uuj 
Sl_j^>. (_^ d j 1 1 11 i II cLj^s-LcJI (jja LgJ 4 j <i it I V 3jj>. (j"n*~ (jr^'j O'^jU-"^ 
^ 2_j_«_iiVl Sjujui 3-3jj-U *lj-Uai>JI L-JUeJaJI (j! VI idj^Li^sisVI jLuuVI 
.(_p3j^/l 2 j j 1 a -- 1 ( _ ;r <-uLu/^/l j. 1 . ^.1 1 I j j k j <^p- '^JJ-^-?^' <LuJaUI (JIsLlLI 

(_yb oLlILi Sjj^JLU 4JjJL>. (^ jjVI ir~i-»J, ( _ ;r <j/Lj/^l jj ir^U ^r^j L$j| 
j^I^jJI jj-Ia l ^H > - jLiLJI I (j"n 0 /h\ ja^a j-<-uj J^j • (j i^i^VI 
^LuV 3-3jj-U 3_>jLUaJI c Ij i^ajJI ■ .ll->Utl 3_cljj JjLj/j Watanabe (^LiLjl j 
4_i_Usj_a 4-j-L»c 4 Ij i nj tfJL&j . jjVI ^Lijl (_yfl ^JLa-" 1 nj j Ltaj. I jL»xji 

(j^^>.^llillj (_gjj>JI (j^jj£LII jj 1 11^1 (_,-ilj (^LiLjlj cjLijj£Lus (Jj-><-i jl iL»-a 

' tLLtalJ (^j-oL-oVI aI atla.ll (^y^ ^L>J1 3_}LU (^jJ! (j 11 n Mill ijjla 5Jl£.I mkii (_£^_>J1 

.(_^jJlII 3 m^jVI Sj£LII 

Laj_ljLjj 3_cljjJI oLkij£LJJ 4 j a it I J^>- L&j_<j/Li <—u£ O-aJI jL3j 
(j-a LgJjJ-Sj Sj^j^aiJI 3jLU (Jlso Ltjjjj I Laa-j 2-i>^' V^O"* 

Lof (_,_* (Sj n 1 uVl j SjpJI ^jjkj) 3_cljj_U 2j 1 u-iSj-ll j»L>JI jljll (jf . JljJl>- 

jl "1 1 ii^l dJJ j (jJI jI-jjI L-<1^ 4_uj|j£Liil jjI jji! (JjI Jj Lalj cLujj^Lus jjI jj 
r I ^",\VI ^jjj/ I t_iL^ (^ diioi ■ (j-i * ■ - jLLa Hugh Nichol J^SLu ^jjt 

i5_jjJuJL) ^ U"i 1 (J_t-£lAJl I JLA (jLb (J^ « cLu-u_uj CjLc^_u3 (^J JJLu La j^jj 
j-j-c. (Jj^s.? IjjjsI ijJLut (jla 3_cljjj| jj^. ^ i<" 1 nj V SjjJuJI plr (jL^ I jlj 

. . . jojxU Ij j-j-><-! I 

a j ^ I ; , ^. tl 4_ua-&^/l j^il cH^- (j-"' S-^i>*^' <j-°J • • • *>f^' t*JLla 

I (jl .4JI_U j la sej La JjI Sj-iaJI (jLa ^gjLtJI J^-J-II j»Lal oLljj£LujiI 
cLjjsblia (JLij>.| oLpjl dJ_j Lj I JL3 Sj_ajJ,l 4jJjieSL!l CjLlJj_<im ^Lljl (^^ Sj_uiiJI 

' - j jL>. t_iLj^ (^-(jl 1 iuVI (jL^ I jlj .(j^sLi. ^j-u j ui ill (j-o 

(j^o JUjj l-^J l—> <_3jH«j 4jLa i4jjJiiJ| 4_uj/Lj/I j_«J»JI (jLi LajL^s joX.jJI 
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. (7) . JLjShJb JjLu 4^lM 

(jLoj^j-JI ^1 J "r"i ( ul ^_<jJi]1 £-JJ2J 3j-j_J1 ^LajJLlI ^j^-U LL^jj-aJ ! 

jj^jj jjlj ^jlj_u SjLo l- i Uj ^jal J (jLSLa ^£1 j«sJ (jusjj J I SjLa *LU 

jlj_o ^ J_a-"i i .."j .Malting «Ol-l.LC<-]1>> 4_J_«_«JI e'jJt ^ a . ujj . j»Lj| 5~ i n (^Jl 

t_jjjjJI 04jJjj . Jjlj Lijja La^jQ ^ I j 1 nj I jj'a ^oSLalil gibberellins,^dljjjjj>JI 
(8) s . " . . . * 

Liiill j 1 (jSLIj ■ klaL jiiVi iuj olt.1 J* Sj *u ij^K ( .1 LaHia hydrolysis 
JljJUlj cJJLl ^Jijj ^cJ . Lt- L tjjv ' flljj V CjLsjjjVI (j! c-U_o* ^ o"i i u t j£L*_aJ1 ^Jl 
(_^Jj'l ^^Lo^/lj 4j-LLa^/l (jlaLsJV^/lj j*C 1 nil Aljs <-;Jj-lJ *J" j0 O" 3 

>."■ HI » ^ 0 1 tuj 4_t-£5^L>J1 (jj^Ju ^cj .^_4_u (jy^>* 3j-3j>*jM UjjJI ^Ljj>o 
Lg-jJJ 1 al .'^"j S-lSLJI cjLxjjjV! JaLAi 1 ^b. 4jLj-cJI ^ malt wort 

jj .^.^tl a JJbj . lj 1 1 (jl_u jJI ^"m i"i~w) ^J^t_L>J1 Cj jj-w ui^ 

1 JLA jj-* C.<- uT j 1 (jlj 4_t-a^L>J1 Ljj-uSLJI ^_4-J 3-5^ -^^ 3"* ^ ' ^ ' ^J'^ 1 " 
ijjj-ljj a j j 0 -sJI 1 al Lta3 sLi^>!M— ><JI Jj-p Lo Jj£.j . ISjJLs. VI j<uj ^o-I J-o^l 
1 '\ Ig" 1 n" Li^ ■ L^iaJI L-tlSj y J } • 1 "I 5-5=-) J I Lcj J r ill j-qjeTLU <Ji ■ L^iaJI 
CjIjU L^jI i Lul V LilJ j Jjlj ^jjJjj L*jj-*_o (^J^J? - ' "^^1 ^J-^-*-^ 1 

Jjjjo (4jjI jjt^UI i—SjjJiJI i_jj>«j) Jl^>.^/I aJJt ( _ ;r 3 • «I^JI -^J^J (jr 3 

j^j i—isjjj j<sj iQ^jj£L!l ju i .1^1 (^Lj jLc.j (J^eSLII ^1 4j^s^L>JI ( _ ;r a j's i ntl 
J j j i ii iJJ _a j c j-j?tj>. ' d 2 j (J^tSLlI L_a L^T j jls ^.qj^e T u LajJ^, 3j-*3_>JI 

jj-^itjJI £ys 5^jj3 JLjlj * ij uilJ Ij-Al>. j-<jjjtjJLl ^JjL-oJI ^jjjllj .^_<j_(JI jIj-qjj-oI 

. o ^_ucj>J 1 <■ m i i^)-l1 
^j-^-Ij ' d * . ^ T, I 3j-j_JI ^J <. i i ii-w ^ JLj>-**( i m1 SjLlJLC CjI m i n-*o uilLlAj 
w ^ ^ ' " J. J. ' " (J " J ' " 'l-^Jjl ^ ' " '-Sj j <i "kJ 1 jj-a Ja-S-a ^jLc^-i aij se J i u i 
O " J 1 " ' J >J .' 1 " •<_>" J J * ^ * J .' JtJ * 3 S.saccharomyces cervisiae 
^^aSI .^.-^j I ^ j i . Laj J^j»SLII 1 1 j 1 1 -»* 1 (jLcjiJI j-jjj>-I JLaj icarlesbergensis 
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w 5 1 J ijr IL>.) 3j-j_J1 C a - Ujo J CjL>JL*_U £ys £j ^Jl?-**( 1 ajj . La^-i3 c_t_u_ujHj1 
ijr i_i_(jj . ( j^3-^ t -^^ <=■ Licfj I I t. m < I ' * ! ' la flJ >i 1 L$ljtj>Jj (^L^ala 

lactobacilli j I . ..L Jla 5ll>-jL>JI Ljj-uSLJI Jlaj (jl lilta ^ M 
' • (jl <jSL«j L$j^/ oj Laj ■ o>j acetobacter (J-JJ! Ljj-uSLi) 1 .ilj 

j^_a^M £JLA ^jl .lLLlL>J1 (_j-ia_aL>. j] i f \ j n U 1 (jJa_aL>. ^J-u LaJU£. 3j-j_lJ! 
^ai.jJ! (ji^- I ale QaSj ijl (j-o SjUjlj iSj_lJ! <tcLu^j 4^j_>J! (j^j' 

LiSLJj i3JjLa-a j_aJtj 4-lLsju pjj-j_aitiU l—cxaJI i at _a-fl>j- JLujJ! ^Lijlj 

. 4_LSLj-iLSLj_a <1JLjj-Lij ^^J-Il till J (jlj i^J_tiZJ1 cL^jj-LaJI ijr Aj 
1 j * j iJa j $ k-" 1 3j_<j_>J 1 i 4jj_J 1 3j-uj_>J Li j-<u?ejj j-j-uajiJ 1 £_<a^t-i 

3j-j_<j_>J1 £jLAj '^L^- <jr^! (j-* ^J. 1 (Jt^Lh 'J-^ Ct"^ -i' cL^Lill 

.serevisiae ^Lu_u_uijj-u_u . jj-u 3j-j_$->J 4j!jJi]1 3j_tlaj 
CjV^L<j/ I j * a (jj-ajij-" i S.ellipsoideus (j^ijjj-ij . ".'J^l •<_>" l^jj a i mj 

V 3j_ljJI Sjuj^M (j^tj-La (>SL!j) i. rlf Vl (^ic- ^-UJ^-^*^ LjLp*' 

4jJL*1! J}Li. (j^i S jUj, „tt c^>o 5u>.jLiJI Lj>£LJ! Jlajj .(Lfria.ajir"ii,ij 
aj Oj < a 1 1 Cj LLjj-j£^_uj jl) Cuj I JLu_u^i (j^-iLi c_<_ul1! j j ■ cLujj j*C tl 

(jlaLjjv^LI I ^"1 1 n a^La jLic oj^jSLI! jtjU^i jjJj ^pJI Sodium thiosulphate 

jj^j . aj j n V U LgJLa Ljj_uSLA) g| j 0 1 ti Jjil «L>JL«Jk! oJ-Aj S (i_tl«J! j j 1 a£ ( _ ;r 3 
^1 i^JjJ Ojj-jSL!! (j-a 5_ui^ 4^1 t'r>[ j-fJ-JI 4^.l_La 43j_>JI j_i^sl_t£. 

^' 1 aj «LUajjJ! Sj_u^/I Lai p »Utl jLcui'^ w aS[j V LjJSUj i. . jU 

( _ ;P ^ 3j£Ljji 4ls>j_a 4^Li^.Ij OjJJLlJ i>jj 1^1 3 oJjjl (_gjJ! l_tl«J! (j-a 
^^^jjl 1 j 0 * U jJ^L>. l_Aj-u_4_l Ojj-oSLII ijr 3 3_S LjJj ( j-a ijr lL»3 La LJLc 

( _ ;r ^ CjJLaj j_aitll ! (jV «Ij_«j>. (^yjtJ-^lj-a^JI SjLjj^/I Laij . (jj J_J L_lLi-Lta£) 

I SjLj <>a ^LuU 

Lj^jTC jit tannin (jijLUI S^Laj '. f LiijuJI Sjuj^/Li SjjLia ^ji-jLlJI <j-a 

. La.L»JI J^! L*J^>.j ^ OjjjSLII (jJI 4jvL>JI till jjj i La Jo. ^jJI 

CjLjLflJj Sj_jj>-j SjHi j_li^u(J! (jiajjjILi yose wines 5_jjjjJ! SjljjVI g. 1 1 ^"j 



<LJLc 3 j i uj (jlr L$jV Burgundies ^gjj^j^j Sjuii Sjuj^/I 

I ajJt^j. malic w dJLJLU 

U 1 "" 1 6-° 

-i a. dLj_>J ^1 jjj-JI (Jjuslj-i ^ jl 4^LiII ^Ir Sj^-jA! lactobacilli 
.2LKJI a^j^J! ^^=3 llU jbj .J^Vl (io) llL^MJI ^\ dJLJLU 

L^LiL^j'^ Lujj>. '"• ijLicVI ^1 air" < ..I ^l-Sauternes I . 

JljiILkj jl_i_lIJ1 m^i (jiu^ Ltj .Botrytis cinerea Lj j i j . » <jji3jjjjj (j ri<; 

Bodega Cyana Lil j . .1 L*_jJj_i J « a tl 1 dUj j«u JlSj . aj <f< . nil j_<iitlll 

(JLiLal-d Lu ill »l <i 1 nVl Cj 1 i-fl j Ll«J, 1 Sj-jjVl (jSLlj . (jO-i^-J^n (jlsLLa JLs.1 

jiluiijjj (jjjjjsjjLJuj Chateau Lafite c^taV jjLJuj Chateau Latour jjj V jjLi 
l 3_^3jj S > VLtf.! LflXa j"^! '"'Ijl 1 -»*''! w j'a Chateau Mouton Rothschild 
(^j^Jj-jJI '"'1 jl »cj t_jl_l£.^/l icljj Jj ir-iLaj (-;r l^. £ ^J^ Lajl-Llal -i^LjJ 
aL^-i oj ^j-js «L>.jJ (J-Lt-aLfloJl i> JLA c-tiLajjj ^ . >. i 1 1 j ( j^3"^ t ~*"^J j- L aje T jl Jjlj 
1 * \ ~ . aj 0 "1 1 11 a £ Lj-1I d J 1 1 c (j_o J_«-jI Jlj-J La sLuLcajVl SjjiJl 

JjS (jlj i^LilUs Ijjj i_jJt jl maturation ^- - ' 1 1 <LlLx. ^ Ijjj cjLi^SLlI.! 

' . ijlaJI j-fj-JI i. 1 1 uSLj t_)Li£.^l (^,1^. J^jj-jII oidium ^jjJUtjl j Cj^JlII (jl 

Lo N jj 2 a ?.LUa_tJ1 SjujVI Lot ,(2L>.L>.jJl ^ ^psj-^) 4^jlU1 jju ^Lil^ 
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*— U3i9 Sherries jjj_uij madeira Ij_jj> La Jila reiforced 3jjjjll,l 3 juj^/l Lai 
jJLSj j& 1 .ill L$-<JI i-LuJai Sjuji Lg-< uLml w j'a Vermouth Cjj-aj_i3j port 

j-gje-lll (j-a i—ojjJa Jo^- jjj_ulJ I 3JL>. ^j^-^ JLa-" 1 ujj . CjL>JL«Jkl 0JL1& 

JjjsIjj j^yfl Jjlj J-jj-JI Solera (^^ju j a" 1 nil 

^JLc 4_uj-a 5j ui£ Lajjl^, £-Lu ^jl ^SL^-ij ^^jJLlII ^jJI L$_La ^.ij-i . 3 ^ < ^ ^ 

Jj)>-U 4_j_LaX. 3j 1 ""' .JjLj/V! (J-LajjJI (j-a JLu-iJI ^j^r" 1 uJj .^IjjJ! 

I fljSUj S.cervisia I j . .1 j'^jj 1 » . (j-u 3j_L*itj 4jjiJI 3_jjjj3 Sj-uj-iJI (j-a Sj 
^.jI^jJIj p «JaJI (_>^»j t_ ijj^-lU !jl& i—kjjiajj S.beticuS(j u *C j" _n . « 1 n" 
j_uQJI Jjla t-j^S-J,! I jut (jL^ (jlj j^j ."ill I LaL> jjj j uJI i_ < 1 11^" (_^JI 

. (_g JuIj-jlILj ^L-»J! ^jLtaJ! JLujJLi Ij_Jjjj/ 4-iLaX. 

oi_a JLj_uJI ^-1 4_o*J)jJ! CjLijj-JoX! ^>-i£r5-^ Jul tv-jJ I j-LaJlJJ 
4l>.j_a Jijlj I j 1 ea >■ i ( _ ;r 3 _i*t < <■> ljJ-5 CjL>jij£LlU i. i»l"j ■ j-aAlU uj^jjJ! 

. dU j) (j-a J-i^l £j-JaJL> L^J (_psjjlj| (jJj j_»iejJI 

3 i^L>. 3 j g it? L^ia Sjlj^JI Sjuj^/lj Champagne Lul j 0 uJI Lai 

jJ^^tSLII ^-uj V-Lbij La^-j-aJtl(J ! ^jl . «L>.JJ)j-a j-a^tj 4_lLi£, ^JLa-*i i tU L^jV 
joj>.LlII jLiJI (ji j^I^JIj . Q^jj£LI! Ju 1 ii^l (jyjLi jLc I ■ aj] J-i-y ' «a 

LoLa-l M^La tj^-i (jl ( 2>^- 4 - 1-t — jj'^'' cJLXI * 4_l3 JUj-l-^J-uaj-j 
jLiJI I Jut o'^'.' O ".'""^J (Jr^ 3 <_Lj-°_>J (JLaJlJ! JLs-i (j iiu-vl (jl-CJJLs. 
J Lc-(j^a_tJ VI JUu-JI ' la 1 **• JJ ■ Lul 1 n i"ill 3^.1 i i^-i jjx. CjL>.L>.jJI I J_4£- 

3^ Li. 

5j— L_<a-jy i^r^J L^^ J ' J - 3j-j-<j^>. (j-* ^LuaLi. SJ^Lj_u j_<j_l!3) La ■ * 

4_^L^ 4_ui^ jLiJI jj-a jlljj t (Lul to M.tl 
jJ^L>. JUjLifo ?.i_La_u CjL>.L>.jJ1 c-tldJJ . 4j*_tre_ua d_dJ^_Lu 4_lLj_»J1 La J-lC 

j 2j ' '-"j (j-j l_U 1 jj-o-i-uj) (_3 ^^j-^ ' ' ^ (jr^- ^ J -° ! J ^ ■* ' ^ Cr^" JJ ^ d * i 
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j i n II Jljj 4_L>.j_U tfjut j_Lcj . S_a1 j i ntl (Ji-I j ^Ir <_ 1 < "Ij-Ilj Sj-a-JJI 
Jljj^oj) ^jLjeJL! i. i < nljij-Ilj Sj-j-a-iJI (jjs 4jj£ -ijJaj (jySLI i<tcj_<jijj jL»jj 

jojcj>. i al i ajg 1 a » II Jj^g i .Til (jLo-VI (_>^jlj jujjjJLi cjL>-L>.jJI J^Li^i 

JLuj ^1 4_<laj<JI 0JLa . 4-ifcie_o <_ i i n b (_£Jijlj^Jlj CjLjj_<iJI (jji ^aL^La 

4_i-a_o*jJI 3 JLuVI Lai . «L>.L>.jJI fi LLjaJa Sj^a cLIj^ij 1 1^ dj as « j 2j i ■■ a 

( _ t j5 iiJLa_j La^ JLc , U » CiAJ 4_£LjJI 3 JLuVI 4_Lij£Li i a!& SjIjjUI 
. [juj-uj i u a 11 Lfl-aJtLa j^pajjLtja . 1 Joj-aJI ^ La ■ a.>i I 

i_ajj_>JI J^ 3 petillance ((jl < a HI 4_ojj<JLi LaLula) <jjijLlLi Lai 

JLijj^JI £jt ■ all 4jj JLs. 4-<Jb»J,l 3 JLuVI ( _ ;r 3 Jl>-,(_£ (_£ jjlj 1 a^AjJI 

(LuL-LaLSJI 4-ilaJlJ) 4jLixa i_u i n flj j j te> l_£>*^ O' (j^ - *^ ^^Wl^ LcaJjio 
La-a ^ w La Jl j-aitlll j\j a" < til ja3 j-aitHll ^La_i (J^a J_u_Lll 4j_uu i 

. 4_Lui '^J^ JLO_Ll I 4-LlJ^ (jyJJ 

(_j-jJI lLLLj LgJ-ia fllj j-ajcTj.1 i_ti«JI j j i a£ (jjs SjLlaJ»l 3 JLuVI j_u^ajj 

jrtJLLu^lj^ljJI^Ul 

Lcl ^ojI L$_La * * ■ a 1 Luj^ojLJL^ ^JLfclj ^A^^J-^"^^ (jr^*^ (j-^-ia^L-uo^. 
(jljj-so tjLlill La-& .J^-Jt jjL^a 3jJL3a t_xi«JI 4-j£.jia ^jjjjuM ■ 4 nil 

.CjLjj£LJ»I (_L<j3 La-a ^j£l 4jJ>a^. 
JfLa <L^LiII SjLuLi <L^LiII j j i eax (j-a SjLul 4^,1 i ir-i ^ISLa'i/l (jj^J 

4jlj>JI jl Sj-u^/l £-ju -»* La^ iPerry j_aJ«J,l (jijJLaSLII j j i at jCider j ul ■■■II 

*\ t n j -i w I C LjiLuii JLaHju ^ jl^J • jl_Aj^/l ^j_a ^lo^j ijjJ_>JI jj-* 
(jLa i4jjLtlII (_gjJIaSLIIj ^LajJI SjLul »l i hLj .Sj_uiiJI 4laL^aj <L^LiII 
^_a 4_j_*_j_lL3 d ■ gaj i ^ < eaJ L^ji ^1 i4jj-l 3j-Laj>. 3^Lc 4-aJL^-"l i n 11 3j-La_>J1 
5j I i a c j_LJiitILi . ^"-2 j<j , ,.< 4ju>. (_j-ifc3 Pulque-dJLLi 4j>j>. ^1 i3_^LiII 
^LlSLj L^_La j U ^ 1 1 j^js.^jJI Mill i^LJj Avage(i_aL>.| ^_aj ,j-a jLu^aJI 

^gjl^o L^j^ i^l jill SJajJi. 5jtjJI tfjukj . ((ji-LijijjVt ^jJ ui VI jjtTequila 
(jl (j^Lajj i3j_LajJI ^1 3_3LaVL i Lactobacillus^ 1 . nLj^V Lj_uSLi ^ylz. 
jj£Lx-i 3_jjjJI Sj_uiiJI (jV ■ jj i a II S Jjjui JjLUI ( _ ;r 3 3_c jXLaX I SjLjjVI QaSi 
J j i^JlJI "1 j i u 2I (Jil-a 4 j a inll 4_i_i_«_La j-aJtHll ^Lut 4jojL ^Jjl ^j-u ^jt 

(j^a j_Lc o^JJ.1 j_aj_LI L<j/Lu/I 4jJj_iII 4x.Lu^uM QaSi jiijjacetaldehyde. 



(jLuiUlg Olj9j.V1.nll 



j»UJI t_jbSLII I jut JH lilj . jLsoV! (j^l 1 ,i-».Li Ij^j (j! ,3j>LI1 ,j-a u-ujla 
'^Elderflower champagne ^LalnJI j£A j LilL«ai 



■UdIj i3jL>.!j 4j^ji_jJ JijLJ! jj ■ * . ^tl ^Lo ^j-o (j^JLv ijr 3 

jju I t-.^ ,". » ^qxtaj (2?^* ^J^-JJ'i p^ * 4jv L>.j ^3 4% ir j cLc L_o 24 Jjlj ^L>Jt 1 

. Lai ; ^i^Li 2 j 1 iiL-uVl ^jLlII ,j_a 5G^Lj j-j_.JJI I jut ^ '^>£$ 

( _ ;r 3 4-j_»-j_xIa fljij 1 a J 3jLc JU>.^3 (^jJIj Lbt (J->«J! I J^j ( _ ;t 1I!-«LUsjji^JL3 

(j_o Sj_Lj».j j»L><-!! jll 2J!jl : Lulii . L^jj^ LSI jus <_ i j i m~ q\ 

j_4_>J! J-jljejj ^j^j^SLII j j 1 uS] (jj-iLii » i _$j-^ > 3^jjlj_u^s cjL>.L>.j ijr s 

J-i j"' (j 1 1 . (Luljn Mill j-«i=3 ijLil! i>Lil^ ^ii^ 

q\S jJaJs .Sj-lJIj Sj_u^/I ^cjjLj^ (Jj>^ j^dj^ Sj_*itji! (j^il! ."'I SIS uiXj 
.(^^JVI a I « La U JjJLj^ Lxjj 4^J^U ^iila (jl_L>-^/! Q^ajJaj «LaJLaJ! Q^jjIjjjJI 

Streptococcus Lu^VL>.| ,^1£^jILijjj/ Jila tjl 1 n\MJ Sjax.j_a (J;jjlc 1 3 
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t_j^£_Laj 3_ui/UI ^ ^aill <— -i I fl'tl <_cj-i uj (_gjJ! t_j^>£Liil jjfcj iagalactiae 
<_u i im JL3 La£ 3 j uiUI ^yfl j_gjtU (jlaL^.'^! <_>c. Jj'i i n U Brucella ^ j ' "ji>j 

jJa jjLaJ^I ^jlj-o 3JLjjl>JI 3 _ sc i a II JjL^jJI (j^Jj iO^UI v'J-"' 

4j^>L>JI 4u^l 5l^/jUI! (jl La£ iSjjijtl.! c1jLjjj£LlI.! <ull jljjlj (jl (jSUj 

tjyi S-i^sLs-j-jJj^. jJs o' oj- 5 dr^II «Lcj ^1 ^jj^-ll ilnlll ^L>-jLi 

Ji^. , • ^ uixll fiLjJj-U! Li^LxJI jj-a j-J^ ^jy^ t. m ntl ^^j-A-jJLiiiVI 

Ljj_uSLi w »j^tl (j^JLI! jjljcj <_ 1 1 1 uj (jH-II ' WjD^r!^' "'I (jl LLa 'Li ilr ^fl 
(j .i I i .il_ia^£V Lai .SjLUaJI j-lc. Streptococcus lactis j .."i^V ,_yj\S^^uj~ i 
^Llil ^ ^ jir" i n* ( _ 3 jJI L_j_uSLJI j*» Lactobacillus bulgaricus ^ .."CjjLjJ^j 

(jia-ajs. (^JJ (JjjOUI) jjlill j£L^ j_Laie"u dllja (Ojai^a-JI) (^jLljJ! (j^il! 

LgLtxjj (lT^I (jt^) ^f^' <Luajd»»» I j-Aj) lackic acid i *l_ iilll 

\l , vl tl (j^ill ^jUjcjj ■ d j i<ijj,l Ljj_uSLJ! (j-a j-u^ jjjJJ 4_ujil_La 

StreptOCOCCUS (jj^L^a^j-U (j^L^jiTa'jj'ii .i Ljj_uSLj jj* jls-I t-J^SLus ^Ir-iillj 

3j___aJ>J! jl>-j" JlS La£ . Ijj-a-a La-mJ Lajds 4 i . liSLj (_gj.II thermophilus 
, U ,„jS?l i^y ^ cUjLu uij ,_LaL^ sljic. i^^LiJJ! (jJJIj . L>Lo.! ^.sLiJJI 

H_gjl_ijjLl 4^jl hia 4_LlLI!j . 4_ujJlJ! LijjjI 4j_j ului Cjjljj njL2JLJ! 

I (_/lLI! Lai . j_aJtjJI SJLaL^ j_lc. j^-LU jl ^Ltll! (jLJl 5jLi£. t^-^J 

cLalj^ , U I A j |_Ljj^>. j_aJtj ^ i .ijdl (^Li. (j-J j j*» i^^^Ljj-a^l Buttermilk 

4^)M-«J! SJljJoj "ulaja. Ljj_uSLi JJkj i=Ll3 Leuconostoc i f l"u .lajaSLJ jju <_ i j i ni 

(12) 

Ljj_uSLJ ' Lulu3 j^j ^jj-II 2 j<\ jj>.jjj ' ' (Lactobacillus j <>\< ..Lij^^Li 
3jLa (j^oSu ^1 LtaAJ ^gjij^) "j j i a a." J!>Li- streptococcus ( j^j£yLij"i i ..I 
^^^Elia i_JLc.I l U i i'i^ jj . (acetoin (jjaj-uj/l ^ a i n* (OJlLJI SjljLu SjjLaj^ 
^Lul ^ylz. S-ijJa L^J CjLijj£LlI.I a'jJt (jjs Starter cultures «4jjLi» £j!j_aj 

j-a^t3 j_>a 4^jIoLlI! 3jLl>J! fiLLiL>J1j (j^JJ! JaL>»J ^\ cLua^a^>J1 ^45* 

j j ' ***" *lJJ-*^I 3_cl_Li^> 3 j 1 .iL^/Vl jjjt i^jLoJI (jilll 
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<_Sji_)jlJ,!j (J^jcjlII Cj! jLujs ,j-a ^j^r" 1 nil) rennin (j-uj^J! fuj-jLi (j^LII 4jJljtAJ 
.Junket ^'^ oSLi>J! Jar ^ rennet O-ujj (j^ljJa! au-uLi tli_aajJl tliLij (JTJJ 
^Ixajj .(j^il! (j-uj^-i 1 casein jj^jj^J' <j-° 4Jj£-L<j/L<j/I . SjLiiJIj 
. 3j LljJ I 3Ja I 1 11 n L^LlS J»*" Cj Li j^SLJi I tiJjILi- whey uJ I J i a^ Jijlj 

.^jjlsjl! Sj-^j ^j-^- 1 *L2Jl l^J-" 1 ^* ' "' ^9 .sLlLcSLI! 

3jejI iaj| (j^ill Sjl!o.-5l3l 1 .1; u^-jjJt ' f>^Jl J? SjJtAlII (jLta-Vl j 
ill 1 nLjaa^V Ljj-uSLi >.mi n" CU_ijs_! JaJifl 3j-o*j CjljHaJ 2j£ (jr^ 3jLl>J! 

i(( Lua_aV1 )) jLtluaJJl (j_a jLM jj JJJJ t^j^jO- 1 ^ > i.iX" I % a**< i n t (jLo*V1 £ JLA 
3jLl_>J! ^jLo* t Lot iSJslii^ 3jLl_>J1 ^_u-ajj jj-a jji ' a d * 1 J 

Cheshire . . .j uufii ji Chedder jju_Ju tjl j -v? »l a 1 nL ajj j ui I Ij Sj^lSjJI 
(j^-jj V (jjjJIj SjujUl ^Li^.^/! Lalj , .J U j j , a 1 1 3jLL>J! (j-a 2 c j * 1 a a 

0 1 njl Camembert j-u^sa^sK tjl i-vl Jila j_jLcoJ! I j ^<U . LajJila 

1 Lu>23 (J-flalJl 4ls.j_a (^^o- j n" 1 uj I jj'a (Ji^tlJ! jjLs Lta^tjj Carre de l'Est 
.Oidium j I j La '■» JJi-a 3jLL>JI ^_ta_m I c j-aJj CjLjjJai 4j ^jiuj 
. 4_j_Lj_a^/1 ^^paLu^^l ^j_a cLojIoLlII Cjl_Lj_a^Mj Luo_a^M 5% j CjLui^ J-^^JJ 

4^^jlII (jl_^>.VI LUajl Penicillium j 1 j . i ill jJai ^'>j' j-o-uj 
3j>«JI j^-jjj gorgonzola ji Stilton jjlLuxu (jL^a-i Jia Veined 

^ Lj^_l1SLi j_a_t3j .5_jj_m Cj\ J^-ta-aJI j<s_ljIj^>- (_,-II 
j_u^_j_>JI Jia ^ji^ 1 ..jj 1 ntl jj^. SjliiJI ^ Propionibacterium 

qjz. Jj^ 1 n U dLu^ujjjJI -1^ ^' 1 ajj lEmmenthaler jJjIIusJj Gruyere 
. 1 ) jj-* I *■ ' 1 1 h" J-ll ^j^aJj^LlI JU i n^t (jj- 1 ^ ^-1 t^-LxiJL I I J q * ta 

^l^jVl ,jjs ^1 (j^s I ^-^ bjj (jlSLaVI w aa Processed iSjLu^sII (jLj>.Vl Lai 

4_^_ll caJI SjLliJLi (jjuLjtlll Jls. ^1 Jaiiej La SjLc (_^<Jl <LSjLjJI 
d nU (jl_L>.| iy-^J • ^ 3 J a '— 'WjJ^r!^' d La 1 1 i_sL2j^ oljujjl 1 11 j" j<u i4JaiL>. 

( _ 3 JL>.j i4_a_ila£. ^1 ^Ljjo 4^jj>.- JLuJjl ■ a^-(jl l>. 2 1 j_u^>j 
^j^**ilj**i 1 n (jLo* 
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4_«_IaL-2_a ( _ ;r ja Qj" I j" ' " (j_a i_ij_2JLi VI i a " V ^ J S J 5 >JI 

. (I . njj 3_jjJLJI ^' i -»" V L^j I i_ujJLI!j) Huntingdonshire j j uujjjyJgjLa 

^j_a jqJLjlJI ^L^t-ll «L>.LLa j-u_aa_aL^ (jl_o*i j-aj^tJ (jy^JI j 

^jJLojjJJt t^j->JI ^Lul ^ (jL2jVI (j£Jj iSjutiJil cjLVjJ! ^Jl LJIj^uI 

(_J jj Sjqa-uJI <"«! a . aJ I (j-aj . J-i-l J""" -3 ^ » I J_' La IjjLj-La a^aaJI 
jj J i aj ^jjlxjj >l ' -"«'*' I (j^j jjLajjjJ! (j! 4_uLtajj-JI jj_>JI OJLA (jK i n 
^3 l_AJ)aj>.j c-aIjlj 4_jJLjJL>J1 «Lt_ilaJI j-u_aa_aL^ ^jLo*! ^jij i^jLstj_La LaJ3j 

, \_ lm jjJ^ ( j-a LuLtajj-i 
I ij 3_j JX.VI 3-g.l i ir^i Cj Lij|j£LuiiI (j "j'lj-II iiJL\II ^1 Jlir~i i uVlj 

Sj_l«J«J! il '. 5_lLsjlII ojut Li^jjsj 3JLUV Vj . jjj-»JI 3x.Lu^s 

JjLJI Qaj_)£LJI Jj i ii^l (_5-iLi Q^SLlS i3j_ia.J *J-^ 0^**^' er^ J^LCj^JI 
4^Ll^Li 4_lLjjlI1 j_i_L"ij J^£La_s ^ .aj±>. J_Lc j^>JI ^j" <U_J<_J^ CjLcLob 

i a se u 4_u1jJlI! «Li_jJL1I jJLij i_3a_<-u LiSLlj j i -»J I ljia_i-a ^J-^ 

. Jjlj La_j£ (_£j_u-u Li£ 'l-*^ jx. SjLa jj-Aj 

Lu^SLus JiU-i i_uj£L!l (j-a^' 5 "* Saurkraut cjjlj^jjljjl j j i a ^"j 

(j'jj' '-^J-^-j £ LiL»jlII BjJt . 4-ujjjVI SjLiUI ( _ ;r 3 d j a ifrVI (_^aJt-i <U LLut 

3Ja5L»-!l j jUj (j ill i uLij^V (j-a 4I3 Lu/^j jJejiL! I 

Lai i ( _ 3 -3Lxa! (^jj^LLa (JLso (j-a j I caj-J I ■ La aa. ^1 jjLU! (i f I j I j It I =) 
(_,_a I La-j? ^J-ir~ uu l_a^ J_lL»jJI ^ SjjiSLi ajieXmJ (_g jJ!-Vinegar JjJI 
J^>-T JLC a o 3* jj- 0 ' ^^"^ rt jJ^Lre-a ^^£- ijr a ^jJI A LtiaJ I ^Lua>J 

(j_a j-l-b (_gjL5tl)l JjJI (j^s Lajji^j .Acetic acid lLLlLJJ! ^j^-i^ 

UJU^ao^ 1 

1 1 a t tiJJ!i (2>^J (jr^Lt-U tii-JL>J1 a o >J L 1 1 nLLa ' gLiaieJ jj^ii. 

jLujJI :5jJuiSaJI 3-*KJ! (_yl«3 (_,^ Vinegar 3 nK Lai . LuLtajjj ^ Q^jLoi! 
J^Li. jj-yj . Sour wine S-jj-LL-soVLj Vin aigre 3 j . n'tj-aJL u-^j ,_y^jaL>J\ 
(j^i Ljj-aj" j i ..ij Acetobacter j-l^Lij" j . ..?) i £j j I -^Jl -i a. Lj^_ljSLj j_uG 
LajLLc 3jL«J! I xSI aJj Lj_uSLJI tfjut j-a-uj . jUj-JI ^^ix (Acetomonas 

. i_LLlL->J1 a i ^ r II J^jeSLII jj-a «UaaJtJ La Jlj_u^Jj utl 

j_lx ^ i ii -v VI j-j-jJ-Ll ^1 a i ii tl_i (_L>JI ^juLa 3jJiji2jJI cGjjJaJI QaSjj 
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birch twigs VjIaJI jLi^aA? <j-a ^Ij-ii J^Li- jl rough wine .^1 1 n~ . uXI 

i(J_>JI Ljj-uSLi (j_o r I uig L^jcJajj/i Lx-i (jL^ (_£jji.| 4 j 1 uij. 3-0 jl 

,2 tl «Atl i jjl iac V| ^ q 1 uJJ . 5j I nil «LCjj»U (j_a 1 m dJU j (^yl^J 

Lis. Orleans jjLJjjl (_Li- jl jLu-JI (Ji- ^' 1 aj (jl '. J-iJ! 2x.Lu^5 (^ 

. Cider j juL_aJ1 (j_« ^LaliJI (J^>*j ^>tJ-^^ (1)-° J .!* '"'^ (J-^* ^* ' a ! 4 ^tH-^ l)-* 

. 5 j ^ A j-lC fiLtLjjtJI «Lo* ^Jj-uj)j^Lj_a ^3 (Jj ioLqUII (jl L*^ 
<LsJL*jj (JjjLjVI (jjii <tcljjJI Siluge ^\ j 1 ntl 3-cl i 10 SjUr j 

<J'jj' (J-° '—'j'j^ Jj'j - " J J ''*'** ' Cr^ !jL:e ^ L»Vj»LlJI (j fl «" II (j_o 3.}LU 1 la aa. 

^ lq-SJlj a j jVI j_j_>J! (jl ^LlLa .(^yjljJLJ! i_i 1 a «" 1 1 t—iLaj^sl 

<j_a jJLJI jljll CjLcLu^s O-ftj i_djjjj .J^LCJI j q i .i^/I j^ixJI 

3 <nUVl 4j I aJI a 'j 2 a 1 1 jll liJJj q^^ju ^^>- 

(jl g. j LaJ} 1 ijjlJjjij-jJ! (jjs £ ^^. (jLjuV! J 1 a seJ ( _ ;r LLai a 1 a. Lysine 

«L>.Lljl (jSLal Ji^j al «JaJI 4_La 4^LUsl (jjs Jj ^>La isLt^ili AjJ-Laj 

j_Lflj L^jV fiLijjJa 3_aJL^-**( i u tl cLlLjjlII (jl . <Li j-^>J1 1 jj-a Li£.LLt-a 

^ 1 a a b L^aLi. Lxjjj! (j^ (> 1 ,i_t^UI ^Lul (^Ic jJLaj V-Esherichia coli 
(jijjjj^iJI L^-Lo (3^^ Cr^' s ^_3^' SjUI ^' 1 aj (jl ' "_' J-^J • fl^aJI <_ < < 1 11 1 

J j J 1 11 I r t_! I j) 1 i I j 1 j n j 1 j_Lj_a! (_glj n'v ^ n ml 3j_<I/Lj_o 
'al U II 1 nil i'jjt, (jl jjj .diamino pimelic acid (DAP)jl Lala.VI 
Vlj s|_Lo Sj^rji (j-o L^J Jlj Vj) (jljjij^UI (j^s ■ La aJ& JjlaJI Jj^-J jjJLl^. 

(Jjsjij (j^jjij^UI (^lL^cTli (_^ai>J,l ( _ ;r lSLII LtjL^s- (jLa (j^. LaLx-i cjj^c 
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j_i£Llj|j_j! J-Aj j^s-V! i_lj(_)_SL<_U Lai . 3_cjJ_U ( _ ;r 3 o I J (j-a 3>fj^ ^^t!-*^ 

^j!>U! j<ujjV! (jja 3j_i^j CjLui^ ^^L. (_j j^ieai Aerobacter aerogenes 

I jut (<uj 2 I ' . ^tl S-jlajiJ! liiljjj i ,i_i)>UI ^1 t_i I j Jjj^tll 

. (^jJjjU^UI ^1 d La i ul^j ya."ill i_i I J (Jj^jo 

3j La 11 J^Li. I j 1l» a jjja Vjj L^_uSLill 4jj_pJ| » Lj^jSJ 1 ja^a ( _ ;r 3 j> ) alii 
'"'j J la JLSj . Jl-k-j La_i3 I J 1 J a (j-a Qa^^jJ^u^SLJi! (jSLaj (_^<-11 2j LilSllI 

Elisabeth ,<-i!jj oulj-JI Sjjj^jJI 4l!j3 ^ jJI ^^x^L^I diStaJI "L*-<lj 3_lU_«J1 
Jj^j^/I oj uu£l (_pJI er 3 <L-«-aL>JI 4-JSL1I ^ A ,':,*. , „ « ^ work 

j-a-ILj La Ij jLj . Lj_l1S_jJI • La 2 a JL>- _jj jJaJl! <■" < ii I a a i se^ u 1 J 
.jjaJjl IjLA i * JL ^ 3 ^ "J J 1 £ ^!-^"LJ/^l djnUll Cj^txll 

3JL12JI cju^LLlAJI jl>.| Ascorbic lLLujj'C , »a> jl (G) £ (j-usLLaj 

JjLLaj ^JLc ^JL^tjj_uj ' w J la jLfujI (jj-i Lu-uU ^jLaL LjJjLu ^£La_i 

w 'LmaJI (j-aiill CjVLs. ^!>L(J (_dJj£j i(_paj_U (j-a ? LLaJL (Jjj*-«iLl £-<-u1j 
Sorbitol (JjILuj^oj-uJI ^Jt (^Lu c_t^)-a jj-a L^.l_La ^j-u ( Ja^aJjJL_u V 1 ^^paj-a) 

(j- 3 SjLtl ^jjlIjj .3_jj|_a_LSLII iZjVo-jt^JI <j_a cjlmlm J^Li. 
Acetobacter jL^jJl j j 1 '.- "j*^ (j a 1 n't Lj-OSi-J oljlajJI 

Lai 2 _» ' j I S'tl s Ll«jSLII 'l-ajlu Lajs jj^l (J^j-j Ltj 1 .i^jj ^^J! suboxydans 

jJj_lj jj^Lj_a «L>.Lul (tCUa yiboflavin (j^^La^jjjJI ji i2 «_i (j^LLta 
I jj uil Sj_L«i. jl Eremothicum ashbyii ^gl jj ui! joS_uj^yjl 3j_Lai- jij-" . ..L 
Sjl^cJLI.! CjLVjJI j_o.^/I t_j^j£LJi.l jjj . Ashbya gessypii ^1 j 1 j 1 ujj. 
jl 12 i_i jj^°Lua Lalj . 1957 ^Lc lJ !s jji-a^L^jjjJI (Jlsj 1 aJ! 4jLsjljjLi 

^^L-ui jj'a-J'^^tl 4iui3lj ^jdt- Cobalamide JljjiVLj^ 

jLl^ ,j_a J-^V! (<u Jl^ 4_»^5^Ljii^ul (jl^ I jlj .SjLui-JI LLaoj^/l ^!>Lc. 

d 1 lUj iCjLjj£Liil ^1 JLa-" 1 nL ' La (jVI 1 aJ «L>. j LLaJ 1 (j 1 1 

«L>.Ljl ^ ^JLal^l Jiij . Ltjj^s (^jLaOJI 
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Bacillus ^jj_i3La_i_o q „ 1 j , nLi Ljj_uSLij S.olivaceus. ^ uj j ■ ■■ j a-J 

CjLJU^. i^aJI Ljj_uSLJI (jl Ifu, j gla jjaj megaterium 

Jl^Lu JL3j 1 12 jj^LLji (j-a d n'-r CjLui£ £j. i aj (jjLjiJI J LaAll) (_£jL>JU 

^^j-Ergosterol Jjj_lj_<j/^>.jjV! SjLa . Blakeslea trisporaljj 1 1 njj.3 

Li£,l i ir-i j LLtaXI I JL& »" < 11I j&ij U, (j^LIj i3j_l«->JI . _i aLj-tflJ ^jjjJs 

Ci" jj? (^l!! gibberellinsol ' j M j j-»Jl ^LSl! Ij_& ^ j^jl (j! Cr ijJj5 
«L>. jlsj (^j^J! t;r i«AL> 3_uljjL jIjjs o 1 ..jl L^ji ( _ ;r l£. 3x.ljjJI L$j-«-l3 

CjLLlLLj jjjj>JIj Sjj^l ' . ' J ' \Sj O^J - ^ CjI j j 1 11 Jj^sVI ( _ ;r 3 L^l mi'^I 
IjljJ *C j ^_Ljj-_l_j^>. d rt t u\j Cil i i M ( _p3j-_a_a ^_»_a j La3 L&jj-dj _}l 

CjLjLII! ^ylz. CjLjjjsj^JI (JjlS 4 j mij (JjlS jIjJ.1 tfji^Jj . Gibberella fujikuroi 
CjIj_}L_lJ1 Cj^jz <„ 1 i i n"t (jj-Aj * LaLi^L>. ' a l\j 4x.j-*_o ^^i)^ "^i 

Cj LuIijj-i_peJLl ^^"^ L^aJI ^Jl 0 ***i i nVI (jl 2 j . i_Lu1_Ud j-J-i-i ijr A Ljljj-*_u 

. Luj^j ^_<^-i ^JLtJI 4jjL1 4jt_>J1 4_cl_U^2 cLoi Ct- L o T J 1 

dJj^'n 1 nil a 1 se a . JjlII ^Llil ( _ ;r 3 SjsLt iSj^- > ^^jj^-i^ 1 <-£-5 1— 

t_gj i 1 nil ^Llj^l jjiij i4jjL«J! cjLijj_<iii! 4^.1 '< 1^ lJ7 s 3i5La cjLuiSLi ^ jl?-" i .m 

Aspergillus niger q j ' j ^ j/' 1 " J^^- J-^J 

i4jj-*_oJl_i fills L>. I CjLcLu-^JI di_jjJLu_aJ 1 ^ ^ gLcLu^ag , j£L*_oJ1 (jyic 

? (18) 
^^L_a I ^ 1 C j " sc * j-SLi_uJ 1 (j-o (J j Lease Cr^" J^ 1 "^ ^ -J ^° ^ 3j_u-s2_>J 

^SLt-uJI ^__ujj>. J jj*ILl3 i3jJL»_<i «Li_LS J-lc 4Tl(Jj j-<a^>- «L>.j^ Ja_u <ajj . 4_t_L«_a 
'- L J- L ^- U 1 l)-^-^ (J' 
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^j-a «t_j_Lc. Jj ' * >i 1 1 Q q >«-ll I Jut ^jt * ' ^j^^ CjLjJ)^ miH 

Lactobacillus (.gljl^ (j "I < .iLij-i^V pi Jj-" < .>lj ipL>. 3j>Li£ (jrtJLlI jjjj-Ju 
(j ill i uLij^V (j-o (^jjs-I cjV^Li-u pi JbV" < ..I (jSLx-i Lj^ . uj^SLlc^ casei 
.j „UI U ,tl j^K i ..j Sj jJI j*C i ,i Jilo pLi- jIjjj Lactobacillus 
I ajj,'^^" (jSLxj (_£>i-l 3.sLa glutamic dLusLj^LsJI ^j^i^j 5<- 1 ^11 ^ 

L^l^SLi (j-o (j i n->-"l 4iijjL>J,l 4j JlC.^/1 ^1 3j)LU OJLA i al . W\j CjL>jij£LlU (j-a 
CiLaLjj l-v ji sodium-half-glutamate pjj 'j ■ CiLaLjj I -v < a_Laj 3j>Li£) 
«3_jjj_JuJI)) ^1 ' al fj^j-i^ monosodium glutamate S-oLv^l pjj Sj-ia-ll 
CjLjj_La_aJI Ljj_uSLJI (j_a J-J^ pi- '"*•" ' "I (j4>-«->J • (^-*-° ^ aAa«XI 

Sju*jII oLjVjJI ^ Ljjjjj/ 3<il < j" i uXI oLl«SL!I l .lr I <j£Jj i3j>LU ^jut ^Lul 

. ( 1 _gj'C i nt I jjc-LJI (j) (.^Lu J-^ 3 ' (J-° *— ^lj 1-° (J^J U5r!^-a ' ^ (j-^J 
oj_j_Ua_»oj «lj_«JI (J-j_La-i f^^Js Cj Li jj-SLjJ, I d j <i it? d l"iaVl j-Usjj 
JljiIIju l_LaJ) Laj . 4-uj/Luu^/I "IcIjjJI CjLJLoX. ( _ ;r 3 liilj (j-a p-&lj 1 4H£. I i i r-i j 
Lxjj_2_i LIIj jJlj t_^jl J-JLJI ^tlll I J-A ijr^ '— 'WjU^r!-^' 

u'hi t p3 (jl^j->Jlj cjLuJI (Jjl-ij ii" i ii IcIjjJI ^ I v* i V liLola 

JlSj . LaLa-i JjjLu-a (JIJ-<-u 4JSLIj (jjjjs-l JIJj^JI JJljj JLSj S CjLkij£LlU (ji^. 
^ Tj^f t SjoJj 3j-uj_>J1 ^jl . d d b se rt c-*-lJL_oLj SjUJLc Cjlj-a ^jjj-uSLJI cULj_o 

i_j <a l—Ii—i—^ "icj-c^c-a <j-° I— c-t-a LlLi^^ (j-ujj-ilLi (j^S (j^-uljuLlI jljJil 

CjLcI i i^> 3j-_j_<j_>JI CjLiLij q\ I o ^~^JJ AjJI jj-* ^Jj^* rt ' u-LaJ L^J^J 
4_ujJlII J^LJI i. i Ir ? ( _ ;r 3 JlcI i ii a ^.jjr't i nlj (j}! jjj/^/I ^j-ta3 j-LqjeTj I 

^ ^ *tl d ^ a! , >. « ^ (^G^)-^! ijr^ O a ^ *^ tji * d ^^**'"" rt 4jjL>o »1 o t nt 0>J 
4_^aj_<iJI 4_l2j^3| JlLa joJLkJI (j-a SjjJLC >ljj>.| (^yi (_fjj>.i 4_uljLC. jljji 3_j| 
I (jK i nil (- ilr I J ' Q ""JJ (>LuaJlj I j i in ijjulj JlJl^JIj jj^iil (j-a «ljj>.|j 
p J ' J J ^ * ^ I (j- 1 - 5 ^! JL>JI t_)jL2j 'Lulj Jijjtjjj£LII jljJll (j^ 1 L-ij-LaJ 
^J^/l JL>JI j-Aj (2ru^)_i 3_lut ^Ir p I « La II ,j_a 4jU,| I 6 ^Ir tjj 1 1 a sej V 

p sjj^ S a 05*^1^1 1-°' j-^' ' . 'J ' "" c^i Jl-^ 3 ^' jl-^dj) tojl tjLtJij^U pj^UI 

(j-Ujjj-JI ( _ ;r 3 ^> 2 III I J-A SlJaj . .. . ( i(jJ iJI (jAjlj J^l i_Luaj 

cL^ual ^jl cUajj-LaJlj .^jrG^j-l ijr I! 4^lj JLut^jj^LII J)l ^JLl ^^.a ( _^JajLi]1 Jj^eIli 
OJut (jr^- J-«-tJLi 3j_l«->J! Jila cLflj^jJI CjLolSLi! ^1 n i n II ^^Jt ijdJj) Jj j 1 11 (^yi 
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<LiL»c < j 1 1 aj 4_ul5J! 4j1L«J! t_ij_>J! (J^^Li- p-i jlsj . 4^!j jLjjkjjj£LI! jljJJ 
(j " .! ^ j'jj IjujuL£ Sj_uii<J! i>j-A j<u-u!j) LuUajjj j^yfl «l 3j_uiiJ! ^Lnj 1 ^ 
. Sj a" i ii U icIjjJI Qja 5-lUjlj dilij ^'^(jjiVjII <j-a . (Candida utilis 

( _ 3 jJ! iiLaj^/l Olxif JlSj . j_a->J,l ja^til! (O-tiaj <Lu i"i i. p «ja ^Lu^U jL^j 
( _ ;r 3 (jSLa-i 3j_La->JI (jl 4ja-l i u-ll CjIjJjJIj 4-LjiaJ I Cjj^tjJI (j_oix-a I ^j'a dJjLJu 

. si jJLl! ^ aJ^UI ^yXjJ! jryxh^' S- 4 ^^ lS- 5 ^' jLuijVI -sjjj j! ^LLlojJI 

JJLu (SLulZO * ) Cjl_u_aLLLflj ljL>. ^Lj-tC 3j-a_>JI (jl (.y^J d K i"i a iJJLlA OuL^J 

. «Lo* ^aJI (j_a Sjjj^ 4 i i hi cdlLa 3j-La_>JI (jl ^aJ Cj l_Lui Li_LflJ 1 3-SLjj (j-a J^""**^ 
Jju JLuj^j ( _ ;r 3 pJ^I I » * LOJi (jl (_y^>- ^LaJjl 4jlILi Cj!jLQi.V! iJ1ul£ JLSj 

aI jl^-" i nl p_i jlsj . j£L*_oJ1 c\x.l i cjLiLoj (j-* ^j-j-a^^l ->! »U . i ij->J! 

i_xjLjJ! 1_La1_a (j-SLJj i >j^U.I j J^Jl j 4j^j^iJ! 4j2j^3| ^ JbcliU SjU! 

^ju (_yIo* L^Jl a «J i nl j 1 Mm V fidjLja 4_ajl_d_a Cjj-^Ji d K <"it1 (j_a ijr i\-ujJ % ^\ 

»J 3 a i p j !l ala! (jx. tL^M pJaax <_Sjjlj La£j .£j^»JI (_yJL*j (_yJ-JI + i"itl 
La (Jjl— ij (j-a jL^ij^l j-fl-u JlS (jH-II J-°' _J-*-JI J-f^ -SjJtillj 4-iJ^/l 

(J-J-2 (j_a ■ la ajelill l. a i iU aI «-LaJI 3j_Lai. ^LljJ <LLaj> CjjL^jl JLSj . *U ^tXiaJ 
CjJLs. JLaa .(_£jj>.| d-fr*- <j-° *l ' ".' 2j 'I i aalal ujLuj/Vj (j-a l^j" i n U 

t_a-La_l <Lal i ii a S^H! oJUt j ) La a (j-C » j _t (jL^ jj^jjjjJI (_yi^- ' -AlaJI (jl 

I" i ii ~ 4-iLft-c i LjJLSLj I j_tajLj (jl (jjs j-2al (jjSo^S i ii U jL^ ipJL»JI 

JL^-**i i nl (j-Aj^-**! f a It cLu_u_LtL) (_^aj>.jV1 (j_a 1 1 «a I p, ' 2HJI cLLaj_oaj_a Lo^^oJo-lCj 
j La-Lol JLaJj . LljL^_i 4_La ^ I 3e " II (_y^>-j\ l£j-^~' CjVLa_a Va-U 
i a I « La 1 1 Sj-uii. (_yll CjLfljJVI ^\ CjI m~i mil (_y3 (_Jjj>. I Sj_a (j^L>.^I ^ujj^LJil 
g. i .il jJI ,_^a_SjJI (jlr JjJjJI JJLsoj pJL«JI (jK i ii (_y3 3jLjj_LI Sjc-lIJl? dllja 
^ I JLy " i iiV i"i a 4 T uLLaj^jJI JjjILlII 4^j_<I/ i^J-Ij .jj^i^jJI jl uu tVI 
Jal j u i .il (_y3 4^j_<iJI i>JLA Caaj J^j . 3j_uii»JI 3^.ljj (_y3 (J^pjJI CjLjaSLa 
a JLy" i n"j . ftLil (_y3 aL>JI (Jj^ILlJI (j^s <_ tlsej i ii a ^fl j-aJj a_aJlic^a CjV^Ijj/ 
-(J^jILJI ^oj (j-oJO j^I^JI (_y3 (j-Aj iJjjILlII (_y3 d j» a i"ill CjLjjSHI 3j_uiiJI 
-dJJ j (j^. M Lta a-3 j« -i uA\ jl jJLl OjL^ Uj . Jia^j^-j^sJjl Jjlj ' flljelb (_£ jJI 
4_o*Lj (j-a (_ylcl (jjjVaJLl j^I£L_o (j_a ga-i^ III (_y4^ ^ ^ * ) ^5^>^JJ t ^J-^ 
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4J jjLlII (jl ■ j*C i nil (Jlaj (j_a I j^** J ' a **•_' (j^Il *>T! JS -' , ^' <J-° 

aj |gt (_g.il <^i~qVI (j^L^/Vl j . 3_&_a-a p»Utt ! jl* 3J|jJ (jSLIj '<Ljj£LII J^lJ! 

icLu^s (_j_3 Liiajl J^.Lju La£ (JjjIUJ! (j< ' "*»«-> <_ T 3 JlcLcuj L$j^/ 4_lUj<JI 

(_> i n a x~t LI p^c-j j-Aj-Champagnat (Lul > a\-Za jjJI^jJI jJ^Lj . (j-ujij-JI 

j j Ltm i ^1 joJLkJ! (^yfl J^pjJI ^Llil (jja 4jLU ( _ T 3 3 <U-mJ Jjojo (jl-4jla-«iJ 
4_^j-jIu J_t£,j .^JLjlI! (_/Gj)j-aJI j, t « ' ^ 1 < ^ * ^jj A ULLaJ I 3j-j_a^>. 

I JLAj ' * ^ ■ La II jL*JI (j-a J/Gjj-jJI ^^ji^. Jj teasel] 4-tl mi a ^juZua jjjj" iH J-^" 
Ljj j'i'C j 1 1 icljjjl 4_al JLy" i ill , ,, i li^jej (jliUXI jj* jLiJI 

J I jl a i ii^ jl (jl jj-rlt a I « LaS 4jl3Lj (ja£i (jl (jSLa-i (_yJ-Ilj (jl"n a It 3 JU^JJil 
Seymour j"i i» jj aj < <> jaa£jJI ^>*^l I (jl ■ "'Al 1 JicLm^ ->! »U< 

Ijjajjj-AJ 2 i^aJI £jlj-U ij^Si f.\ Ljj_uSLJI a'jJt Jfla aI jij-" . ..I Hunter 
a I *-La (j_a 4_L«JI JUj-) liJJ^JJ "-ill a < .i^U «ljlc. I j 1 1 J Sj (_yJLlILi (j£L«-i (j^-llj 

.(jL_UJ^U ^jLu (^jJLJ-lLs 

<j-G jj_jj I ^Lj-il Jl A I «-La^ 3j J a -sJI CjI j i" i Cj Lc I tfJLA (J-^-°J 
4_uLu jl jjs a JLy" i nl L$j| jl j"ir Li (_L>-VI *j j i a 3 CjUIjj>-I (^yjt Lx-il (_£j-uSLJI 
( j-a-3jj_JLx_a I ^"U'q njliLill jLc. jl JjjIUj! (J!la 4jj_i>. jl jjs jl (jjiVail Jfla 
■ La a III Jjlj-a (jl-jjs. I i_uL>. (jjs-jaLu Lul j<u ijoJLkJI ( _ t 3 j^LjjJI ^LiLi-i_uL>. 
La? .(_£j^f Jl J-v? 3 » i J VI j a "i i n~ ,jj <_<£jSLII I juk ^ L=r JUalal\ jUJIj 
CjL>-L>. J i ii t (^^^1 (_ t ^3 J-<-ulj S-^^*-^' CjI j m i ill CjLc.j|j_<Ita 

(jUii'ilj (^fl ^^a-UjL^ J^jt a L^jj/jJ J^J iJjalaJI (_JjJi.l (_y^- (_P=J^I O^-" 

(_JUdaJI j .ol Mina^JI ^ (jLiLJI ^ Tokagawa I jL*.L^oj J^j>-aj Carnegie 
(j .I a uJI aj-Ja a Jiitli i n" Scenedesmus (j^j^jjjLjiluj/j Chlorella ^LLjaK JliLal 

( _ T jkJ . CjLjLlIII (_Ltcji (_Ltc-1 lill j Cr^J ' l"^' 1 -^ (j^ U5i>^' ' <&\ 

I J " i j 3 (jl joj i Lj-ilc aLl2JI (j i n~w I lit jLjSLa (J^ (_y3 d a V i 'r-i Cj^Lc 
(jKoljiiaK 

(jl . L*J^.j 5iaL< 4j jLC,L^-^>.jj I ij' a "l jl L^aJiij (jj (jLtoj^l 

jl Laj ^^ic l^jjtl ^Ll^o ^ J fll\ S^ujjSLiII 5_ul jjJI jl jll ( _ T ic j j La S 
La£ Ujllg vl . ^.-.j L^>.LuV I j j 1 hi 5^J_l2ILa l_i^»-aJaj£i <_J LajJ Ljji ^^ji £-<-"lj 
(^yi^- Sjjljj (j^l t — ^lj ItP^ '^***'tl aJJt (Jii-a_l ^ILalu (jyJ-J1 Cj Ln-ao^JL I (jl 
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CjL^tllU (j I (jr&J ' ^ taj ' 1 4_u_uL_uV1 4 K <"it1 (jj . Jj A« rt JL>. ijr I! ^ ula 4_i Jju 
4 j i ii M 3j^j_a 4jjlc,| (^yjt Lx.il Cjljlj_Uai»JI jl j»^til! jl i_!^jr»J^ Ijij-JI 
L&j_i£.j ^Ujj^]^ I j_oj 3j_uj->«J! Cr-^ 'j J ' <sa\_3 ■ 3 lj fl « a 

Li£ .«La ^^LjJIj ' Jj LaaJLI jj-a 4jUI ^^fl JLs-lj (j-a Jjal 4 j i .n 
<_J Laj3 ^jlll jjJb ^jjipJ! j! ,j;j^jj.l -5>taJI j! <_^-u-upJL> «UI dllj 4-!ljl j! 

jLL-uVl i. mi-w JL3j . 4aLLaJI lilLgj-mJJ 2iiKa 4-iLtc. <_yAj • LLS-jJj-cSLiJI 
^UjjjK II ^Liil 4 A K* (jLa dilj <j-a (0-c.j-II 4j| H.Tamiya LloLj 

p « Ls jjjijtj <_tjLSLII (jL^ lilj .(ji-LII (j^jj>J d j (2>^ J-2j 

jjj^jJI (jLa 4jLuL>. Sjij £-a ^1 jl ajuiVI (<s-«-taj oj^jj La-4j3jj 1- 1 1 n^-^Ujj^iSLII 
j SI la '■» (j-o Cj^L^J ' a ■ -«j JLSj i3j_jjj I j I «a. ^ISLoVI q\ p-cjj b-°^ 
4-0* ^aJ aJSLU I 4-o-LJI ,j_a (jbLJI <j£J .pjj^jjjijVl (jja-jCiJaSLuiaJlj MLjj£LII 
(j-aljJI ojSjJI ( _ ;r 3 I j" 1 "^ I > (jl ' LoJ-2j w 1^3-3 VI (Jj-"^' (j-^ » I J-^' 

(jL£ 1 11 tl SjLjj ,j_a p_c.j_JL> diljj ^iijjj K 1 1 4X.I i i^> *Lo-l (j-CJijj-uJ V 
j 'ill 4jjx.l JLaX.VI JLa.j Juc ^3^1 oLi^SLiII JJLu V JL3j .SJjjJIojL* 
CjjLi^s Jl^j .<_jj^>JI (jJI CjL>J VIj (JjjLJI ^LnJal (j-o Ja V (j^Jj 'J-i>^W 
(jl (J-J-3 (j-oj 4J| 1 m I j I » I j ijjl^pJI 4JJLC.I ( _ ;r 3 SjjJLa j-i^sLi^. CjLjjj£LlII 
.(jjiLJI 4jsLc 4jjlc.l ( _ ;r 3 Vjjio Ljjj.qj CjLijj£LJiI ^ i 1 aj 
LcJjLij 4_ljI jJI (jJI J-J-a! 4-2-il 1 ,1 II SJi^Lill Jj-LaAll ^ Li^ JLaJ 
^1 oUII L^JjLu ' cu^ Liibtjj i 1 u se 1 aj l_Luaj-a 4jr 5 LiitJtjj . Cj Li J)j£LujU 

5j-j-taj> JJ-^I Jl-l^QJLj DJUtj . Ajj i" i a 4i^l3 La-^S I j"j 1 it I J I 1 ... A iT l_LU^.j 
^^1 uu ill .1 W 1 1 Cj L) Jj^LlL I 4_uj_Al .3j-*IuLu3 l_Lo JL>.lj J^ 

^IjLOiiVI 4j ( _ ;t j>.jj Lxjs LjjL^alalj (^Ld^-VI U^jj j_l^Li ^J^i 
I cj CjLjjj^-iil 4J| 1 11 a 4_JLlII 4j^iiiJI Jj LaAJI < i* i jc j 1 1— aj^u j .40^^11 

I j" (Jjl i"i 1 uj i4j^oJJj (jjj-It jlj^VLi I j~ a\l c (j-o Vjj ^jjIL>J,Li 

. L^-La j_^ajje!l!lj L^jtjjjjj L^ijj^icjj CjLaHlLI 4x.l i i.-i ( _ ;r 3 1 w c I * 1 aJI ^LiiVI 
1 i itsl i**i \\ ^J^ 0 ^ ULJ *l JjlIIj d se . aJI CjLc^_ua^_a ^-Jajl * j ^1^**' < 

^yjJI 2 j \l . ^~ aVI sUSHI (jlc, CjLi^SLlII j-jjLj 4 1 ih'ij 4-A.Laj j^j'n 1 n 

.^_aIL>JLI ^LSj J AC" 



SO 



4_£j_j_>J! Cjljl La 1 1 j *j i se " 1 1 CjLijij mi Uj 

r i nil (^j^- 1 ^-* LajL=»oI 

( j_ a li LLajJ 1 JjL_u jj-* Uj-i t4-j£.Lt-LgaJI *j I • ga 1 1 
j_A j-^-^Ajj • Computer t-^-ul^JI J j* uu 

.joJljlJI SLaLkJ! (j^iilJ S-i^Li. djVLa. ^LtjVl 

Lt-o- T Lje-o J>-*-^ o' Lajo-j 4loL*JI (_gjLj5U ,jSL«jj 
Ill 



(jluuUli) CiLigj,^ inll 



4joLJ! 4-uj < j<ll SJaLLaJ! (^-4 ^^jJ! p-ILc (^3 2al Ult 3 j , aJJj-ll jjLi^il! jj 

■ La alllj w « j j La 11 jLiJIj ja^ill^ CjLjj_iL>JI qj» JijjSjJIj 'L'jLU 4^LLaJ! (j_a 
<_ . uijJl£ <U».ulaJI jlj^l Jja^eiJ SJaLLaU jjLuall ojuk <Lcl Li^aJI aJLsej i n'tj 
(j_o 4_».aLj CjLa=-j_La Lia^e-ij (jjLuil CjLaLs-j ja^tAII (jlj-Laa CjLaHlaj 
i_a3jl! 3Js jJI jJLi L?-jt ir-i !j_jj_2j ^ jJL (jl (jSLa-ij . 2 j \l , .V.aVI sLo^LJI 

(_^3 c^jjj»J! j»jl2i!! ~ j i -jj .2L>.LUI 52LLaJ! LJjLu !il ^JLUJI ^1 <^~V$\ 
SJbVI (jJI ju Vj tJjrt'uiU ^ J-aVl (jJ! ^jij I >ot Sjj jJI SJsLLaJI 

(jl-^_Ua!j I i ^-^j LaJS ■ ■' ' V 1— lilj .3j_^L«l! CjL-uI j i nil 4_i I j Laga« i 
(jl (j-i-J-y (jjl J-J-a ijJLijt (jLa i4-lIL«JI 3Ja|_LaJ| j 'I La a Jj ir^iLaj ( _ ;r 3 Lia (Ji. jj 

3 al U 1 t 3<| < j-|,„aj (j-aiUI 3_JLc. ^LlU^ SjLLI j^£>3 jl jjfc JjVl fjull 
(j! I nlr (jLd j^clI! (j-a j-LU Jj i a >■ 1 1 Lijij I ^la I Laj i uj ^iiLo i . «j LtaJLlj 

J_lL2_o fUl (j-a Ly>2 ^'j^ 32 (jl (Jj^s-I SjLjlj ji fUl J-^-J-i 

iljLA ^JLcaJ ' tj^l p-#-^ (j-* O""^"^ *^-Ul ^j-a JL>.1j f^J— (jr^" Jj ' a ^ 

Jj1t"iII ^JiLa 4_ajJLILa 4_ji_aju n a miTI 3j!jj>. ^xl JLa-" ( nLl ^UtLl (jl 

(j^il Vitl (^a <Lo! jiei^l ^yi^b dJsliaJ! <j-a !j_u^ IjJiS q] (*^tLa t^j^SLII 

i3_aL>J| jjjJ! ^ mi ."ill 3j!jj>. 3jjj^> SJaLLaJ! cjjLaj! lilj .*LL! liilj (j-a 
^LllJ! (^ji^. ^j-^' J ' * c^^* ^i^ 3 ***' 1 " 1 j- 0 ^ a 1 ^»~*~J t ^- < - 1 ^ 

^LULlI (j^a Ij-fJ^ (jL^ijV! jljl jjj . oj j i i a CjLuiSj sQlaj (_gjJI 

4_j_JL_Lj_La d j 3e 1 a <- ' ' "^JIJ J^e_l (jl ^jl£LI i>J-ai jj-a filiate tjl^J 

^(^y-ilo jj-a I IjJ^ ^^LH ^a JLdoX I Cj!jl_Ua_>J! (jl (^y^jJ-J! (j-aj 

2 La II LiJlJ-C: OjI^ ^Jj .^jjulII 4j*.j ^J^: 3JI Lall bl lajjal ji^l ^ISLaVI 
JUJljsJL^ 2_cl_L^aJI ^ aUkJI j|j4l ^1 jJsuxm\ I UlaXu.V JjJia. jaij 
fiLfl_fl_>JLI j 'I i a 1 1 (j-a lj-^>> pJ_Aj ^a_j_)lj^-jJ1j Ojj tlj ^JSLj-JIj jj^L^-JIj 
(jjj JJJL^. j-Jtj 4lLLaJI dilaj V LSJj . 3jpJI J 4jjUJ| j^je-uaJI j jbtJl^ 
SjLjlj I JjII (j£, (jl lii! j (ji^- sl-u (jSLajj . Ij-A (j- 3 '^J^ LgSllaj 
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.3JaLtaJI ^ Ij^sjj J1«j Ujl jjJljJ! 

fjjil Lb w j~ '_' I JJtj iSj^jJll ^L>J! .iljj.1 (j-a «Lui/VI jj-cj 4 c I 1 1 ajl (^-Sj 

L&o^e-ij ojj-jSLI!j (jjjLa-Jlj Jlj jij»Jl^ jl! (J I m" i ill jjLuj (jl • (^LUI I JljAI 

i>L>ol (jl (_£* i Lj^iAiej j<u (j-aj ijoJLtJ! «Laj| fjjS Lgjujjj ( _ ;r & 
i.S~*- u (_3^_i_uj . LjJl o *" i cL?c_uj fiLLL?e_a L^Llscjj Sj^jJLl _}1 ^aJJ (JjLbb (jl ^Jt 

jj J^L^-L^il (ji! 2<~ I i.^tl ^ oL^SLLai! ^j^/l 3 j n it^l (j-«£j 

SjijJLc 3j_i^>jLj (_gj_JojJ! (j ii i^-II -ifi>3 ^"^J-^II (jr^ ^J"* ' " ^ ^1 ;> ■^3TR* 
<_cjl J^*-J Cjl_ij(j_SLjJJ ■ " i La j ~j I JLSj . 4cl_u^aJI ( _ ;r 3 SjsL^JI jll (jjO aj£j-a 
j-u^ L i i nj2 (j£. 3J^*i i n a Clul^ La^ iCjLjj-i>J1 -So^9j (j-a (j^-bl jj LaJ (j_a 3_al_& 
4_o^aJa-iJ>J I L^^aJ^_u^£LjJ,1 jjUnil (J-aL^ £^_u3a-a ( >:r 4-> . 3_aL$JI (j^LatXI (j_a 

jjJajJI Jj!j_a (^jj^^JJ (^-3 v^jLijij^LLl.! jjj 4jj/!jj JjLub geo-microbiology 

1 ^ \l \^ , , ^ ^ M I JLA (j_a 

. 3 j i nLm^fl 2ji- I ;.^tl 

. ( _ ;r ^ jjj^ jlj_SLj_U Jal mi ill (j-a CjLiSu (jj^JI (j-iLtJJ '-' J " '— ■ < d>^-" lW_3 

<_ i j i ill cLujjjSLII a i a. Luj_2j 3j>aj>.jJkl 4 j i nj'ij-II CjLcLu^iJI i 'll^j" i h"j 

*L>JIjlaj >^ilaJlj (jjLuil J 2 i a (^yi ^> JLa-" i uj a i >JI IlA^ . jl>.V jl 

^lj_j! ,_L^ 3_c.l_L^j 3_i^.ljjJI .-.I j , 1 1 5 1 ; ,^ tl i_sLjjy! 

j«JL*j 4_uJij(H CjLaL>JI ^Ij^jr" i ul j 4_uVjLli^iJI i "'lj i eajeli mXlj CjLjjLijSLII 
J^LJI (j^s jij (^yi lLLujj-jSL!! a 1 3. ( -;r i^. ( _ ;r a^ill i— tllaJ I (jl (Jj^ JL3j . Ijj>. 
dJLpjj-4SLl I a o 3* cLcl_Lt-aJ 4_ajjJa ^ i n )ij . £j_u-aHjl L^>.j jj ljl_L»_a Jju 
.«UI £-a (J^,LiU 3j_o-^/l (Jj(j>.j Ojj-jSDI JLu-ul^l JlJjjJ Ojj-jSL!I ^J^" (y* 
JljJ_>JI Ojj-jLi ^J-^ L^J-^I (JjI- 1 -"^ *— *i>^^^ Ji_u_ol^i ^1^**' i )j 

^_a ((^jjJLuJLl (j ii j ->JI ( _ ;r jfcj) i ntlSLII CjLLjjj^ (j-tir i iU jl (FeS2-^ 2 S-^) 
3-tSLoJi.l OjjjSLII j 'I i a " jii^l w «J^LaJI Cd) j'stl (jSLIj .JjsjJIj ijJjSLII jo^tS 
I 'I ' -«~al ^L>JI jl jll j^l 3^ '"J^- 3 (3jL"JI (Jj^l LoJljjs £-a ^ i"i n"nj i lj_i£jj 

(j^s JjiS (jJI 3jvLv dJLufcj •'Liic Jji^^H ^ 3<l < j"i i „t,l 32LLaJI 3^0-Lj ,jjs 



I JJ 



(jluuUli) Olj9j.V1.nll 



(_iL2iI| I i 1 si j JaliaAl ^LiiJ (J_aL*£ 2 c I * < aJI ( _ ;r a (^jijill ojj-jSLI! 

J->J! 3_cljjj <_JaJ I ( _ ;r 3 I 1 gaj I 4_Lo JjI^ ^Jii>-" i njj . CjLjjLajSLI! jl 
^3 Ojj-j£LI1 LcJ ^jJLj ' t^aj 4jr 5 jl cLLa dJLujj-jSLJ! a 0 a* cLcl_Lt-aJ (j^-lj 
a 1 3. (jl (j_a jo_C.j_ILij '. (^LjJI LljJLj^o (J^. !ji^>- I mU ^iLa JL>J,! I jl& 

2jj * '^r . " > 1 ^" ^ (jr^ '"^ flla tl I ^* ) jl (j-iilaJI dJLujj-jSLII 
*Lcj| ^> JLi>-" 1 .i_t-^a£, VI C- 'If VI ( _ ;T l^-Ld T ujj_i£LI! a 1 a. (jSLIj-LdjjjjjSLII ^a-»aJ 
I j j a dJJi 0 I r j .3_LjL^_iJ! cljbclitl c-^J- 5 Cr^ (J^"^ i^LuVI 3-jLj-c: 
(j-alselill ("UJJ .(_JjL>J,l (^yi LiLo-l sU (j-^Lj Jj ijJl£j-«Lal JiieILj/1 Cj^^'o'^ oaII 
5jj ^ 1 c j-j^_jJ! ijr II 4_iL$_l1I ijr 3 4_L_u_o 1 £JL3 1 11 1 (_£jj>.Lj jl 4i-LmJj 4_La 
.^j>Jl Ojj-jSLJI (j_a J-i^ w ~" * ' 'itl£L!l jl ^ j * ' a II CjLjjj-j^ 

<_ u 1 nil jjfc I jutj) . I jalj""*- I J-i^- Oj^jSLJI JLuj/I^Li j->JI Cj^Jj (jt^' 
3j_u^ S.c.j.jjjj J^Lu sLuJUiil CjLcj Li-aXlj jL*j>.VIj i nil d mi n 3 1 (jl 
cljVjJil Llsjjtj j^i (jJ-U (jlSL^/ (jl ^ i_jLuj/VI J^J diljl^ jjtj '(jjll 

(jja (j^_)^_a I u <i~w (jl . ((j^HjjJI cLuiicI ' aljj CUj 4^ II Ju ( nl^l (jV d J H Mitl 

3-jL^JJI ( _ ;r 3 jl la "VI L#ja^j>oj Lj^_L<-u LuLLajjj *' ii^Jt Ojj-jSLII (j^s 

^^^1 C^-jj j*C II 3jJ^ ^"i i" (jl Jjil>J,l (j-aj . jUtillj jL^jVlj 2_j^l!| 
d A , ajj . j^tjJI (^JJ sLjjljLJI (j^s Ojj-j£LII JL^S ^1 JjVI Jj^iAJI ( _ ;r 3 LtLlibtj 
JL>.Lj 5j I i^aaJ I (jl l-^>- (jr^*" J-^ 1 ^-^jj^ *— ^i>^-" ^J^ 5 " ' " i *'*» 3_aLc 

(^jJI 4_*_u_uj d a ' a 1 (J^tlj ^ jJI-Ojj-jSLII (j-o 4_i£, l_Lt-aJ I (JjjJI t JUa_oj 

2_t£Lj^aVl Sju*jII oLjVjJI 1951 ^Lc w Hi SJSI^-dlujjjSL!! (_>iM^ 

^Ljjo LuUajjj Oul^ Li^ i Lyjj-" (jLlJaVI (jjs (j^j^La sLxjuii. ^e-i ' '\ \(f< ' 
(^ (^LkJI (jr-iiitll i. u i iM ir^i-sJI (j^s (jSLajj j«J (jlj (jJa (j^ji-o i fT ir^i l ^^e-i 
fj^j>. 4_j_u_j_jj d d i a ) (^jjt-LilaJI Ojj-j£LJI (j-a ^JLjlII ' ' "^JIJ JL>«^JJ .Ojj-j£LII 
. I j ■ .A ' i ! \ j i n'v U s ljj>.i (jiijLjj LiLjjj^Jj (j^il i i ^1 j i U J-i^*" 

3-SJaJLaj 4_JLa_«iuJI 4_l2j^3|j ajj^LtjijIj ^ -l! 2 i a ( _ ;r 3 (_fjj>.| '-. ' ' "IjJ 
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SjJLx-a <_ 1 1 iiljj ( _ ;r 3 OjjjSLI! (jJuta Jl>.jjj (lLLu^iSLU j_JL>.) j-d-JJI cLalaJLa 
CjLLjj-j^Lj La-jlj i>jj^>.j Ja_jjjjj idomes t_jl_j_SJ! ^ a . La jl>. ^1 
j j Lj ' a '.(Jlj i ii II jJLijy .SjLc 4_La I J-J-»J tlaAlJI Qa5Li Vj '^JJ ' "tLdl 
SjLj-VI Lai S (_^L>. (^yjj-^aJa-j^. (jjjSLjj Lajta lLijJjj I jLtj i(jL^ C^^p- OjjjSLII 
j_£j_U (^jy-SLJil JoLjiiill 4j*_uj (jjSij 4jI jJlxj La_i£ 3 ^* 1 1 4jjL\II 

Jlj>.) (-JsLAj>. aLjji La_>j u a ilitl d * Mil J £(_SjJI (j-* 4_o^aJa-o* * <J^L>. 

4-ua_L>JI CjLjVjJ! I lXjlXJ jda-i (jL^ ( _ ;r jjjLdl j^ejJI q] <_Sjjj<J,Ij . jLajJ! 
Jlj Laj) 4-u.u QaJ-a 200 j-La i'lj,,i<U ^ j i4jSLjj_aVl 3jL»iU djLVaJI <j-a 

(jj<lj^>JI j i m II jl Permian (^jjJI j i ^ di! j (jL^ q\ j£jII j-lc. (j-a 
jJsa .<j_aj_JI dJJj ^Ij^v j«JL«JI <_ . i .iljj 0-ia£Lj Lajjj i(Jurassic 

CjLLjj_j£ Jlj^o-V 2jj ,^.tl CjLljj j^ll Ljj_uSLJI Ouajir" i ..I 

Ju^tj ^<u • i— i^c-J jL^ l_Lu j^e_JI « La ^jj i nlLCIl J_ujj_j£ ^1 j» i ntLdl 
La_ijj .j->JI Ojj-jSLIIj a^j i nll£LI1 CjLiojj^ ijr ll tfflju ajj i nll£LI1 Ji_ujj-4^ 

jj*^" i lUIs w 1^ j ' J/*' o**'^ * 53 '"'jj ^ Lj^j-_iliSLj cLLsLt-uaj dUj 
oJLl i (jj-^ 5 " < —*j " " 1 "I J-S-(JjVI J La-aJI ( _ ;r i LaiLiLiLa ( _ ;t I1JI-o ; jj-jSLII 

. Ojj-jSLII ^c^ljjjj CjLljj-jSLII jjljlo^l tilt_tjt_i i^UIi jj-a JjljI ^j-ojJj iOJj-iSLII 

£J>.lj 4j| j£jll (jjl -^^r^ llH 1 lJj H 1 ' («-! L^j| I. i J I nil Lai 

2 jj iAjlJI SjLil j_L^jj ^1 j^e-JI (-Llojso ' a& .{jisr- i .i^^/l ^-jLlC. ^1 

CjjJj JL^j . t_il jj.1 (j^^a- i .i^VI C^Ljj ( .ilj CjLi^S_J.I I ggic O^j 
SJaLj/jj 2 . tl SjLII jj_a IjJ^-dilj (^Jl 3^L^J-4jaiI,l Ljj_uSLJI 

. n a ilill »j <X *\ JL^-**( ( nl^g . ^jaj^JI JLu-u^t (jr 1 ^ O -4 ^ ' > ' ^ ^L _ ll< C J 1 4_lLu1 
aj j [ nll£LI1 CjLoj-o^ 4_l3 Cjj^oLlj ^JjI-A iJT jl V ijr ^ti_a ^J^aS^j tiJJj^j 

I J I « I ^Llj^j-SLlLI 5jj ,>.«tl jl^XI ( j-a >■ 1 1 "IjJ C^joSLj La^ Ojj-j£LII c_u*_ojJjj 

. Jju La-i£ uLa_<i2l1 ^jjj^o q j i u! 

(jl «^jU~.,„'. Lul L&j^.! idili cuLiii'^ j^Lu-u; tilllai S I juk Li^c - 

^£ cLILlAj . ^JLjlII ^jJaLLa ^j^* * ^5 ^ ^jJI Cj JtJ>o fiLji_aJLll j> JJt JlLa 

ti^o~ (stLLfljiJI 4jjJs (jjs Luj^) Cjlj_iie_JI (j-a JJlC 4_l2j^3| (Jl a i"i ( _ ;r 3 LojJ 

i nlLCII cjLbjjSLi 'LuJiJI 4j^I jdl 4jjl jjjVI <>Liil j^uLLJI (j-a (3-^-" 
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30) £1_3JlJ1 ijr JI (J_j_4_i I g a>L dj>.l i i nit ^jJoj_>. <L>.I i ii a 1 ^"-wl ... a c_)jL2jj 

(^jJS JL>. Lc_a <d_uj-3 4J a 4-j-mJ j^j-Aj * -i J ' 1 JlJj^J^ ( jja Luj-aj 4j U, 1 
jlajj . «L>. jLo (J^i i>Lj-U £JLA O-il^ ^jlj CjJL>. i i_sLL>Jl 4jr 5 JL>. I J J-^tJ 

jjjlj jL-t^a Jj) j i i < 1 1 (jjfl S La *' \ \ (J-Al cLt^tJij tj a us \ (^-iLoj (jfc^-^ (J**-* 3 c ^J- i ^ 
jQ-Aj I 950 ^Lc ^Jl— t-A LoJLt^. {jj 1 * flJ 1 jjI^ 1jl£La J 1 ^1 fiUiajtJ 

^ 1 r j_Ojj-i£LI1 ^1 4j1j_U objj-iSLIl OJj-tSLiJ SJpiJll ^^hP^-P' 
3j-_u>.^/1 ojla o_iL£j i3_jj_m oj^jSLII L^-uSLi I ^ *" 4jj_U3jlI1 S^LLI 

j-t^3 5_a jL^Tn-u-a (j^jj^LJI Ju-ui^l ^^y-iLj <j_a 4_jj_Ua_*J1 3_iLU CUaJLcta jJs Lfcjj J_i 
jj-^o j-^>-Vl d tia-JLJj £__ul_LjJl dLj_a jj- 0 d 1 (jr^ (^jJl JljIu j_i£L1 1 j <j_u_<ula]l 
jJI Ojj-jSLII J-L.aj&j till!} j . CjLljj-oSLII 3JjJL>JL1 L^-u£LJ1 lUI uij 
^^yic 1 ^ ;g *' A (J^ J_<jli-ju Ljj-uSLJI jj-* CJ^^ J-*^*-* d ^ ' °1 J-J J Lb j-tSLt 1 jj-a jJjp^ 
3j-iJe_J1 ^L^o ^SJLjj . I^K 4_lUjl11 ^ JJt djuio uJl 2al Utl dJj->oj i^jj^^l 

La I, 5_jj_LL 1 o-jj-jSLI 1 Lj-uSLi Luj-Sj (j ^_Lu^Ljj>. j-<j^ 1 ^j-I^ 

. juVI jl-ujj-iSLI 4_j^ ci^tjlj i_L3ji_>JL1 ^j_a ^^jfljj . Q-jj-tSLU 

(4_j^_lSj>J1 o\-A.\ «Li_j^j3 ^ La-i)4-tc LLt^a ^Lo Lj^Aj- ^<u . 1950 

. Cj LjjJ L>. I 0 ^uU 0 j—la-uZ) «L^_i Lfuja 4_lC LLl<3 4_ujj-j£^ 3^_j_^_j l_j LuU Ij 

^-ujlu «lIojj^La «L>.j_} ^Jl Ojj-jSLJI ^jJ^J (jt^ '^J-j-u-H SjLj ^j_a LtSLc_i Jl^j 

. La Jl>. ^1 (-SjijJiiJl 

4jr IL^j L^_La 5 i ( .iLUI Ljj-uSLjJI J[j-C ^-J-Lali i uj 42_uL>Jl 4jr 5 Lt^ .jcJLlII 

3JljJ_U 4_jj_SJ1 jj-J^J-^-^ (j-* '^J-Iii j-iTljJLI ijr 3 Lo-jJ^_u CltJj-aSLII 

. O-jj j S 1 1 ' ' "lj)J ' ; ' Lc j L^j CjLafliJ tp ^i-I1 42jj-LaJ1 4jr A j>J_A ^jU al ^**'^ ^ 1 



J6 



gljuUI (ji CiUgjS.i.n.ll 



^l^v Ijui^ (j^a H.Thode jijj jLLuu^l (jhj jJLa .uJj^al ^^J- 5 ^"-La 

(jJjSLj >Lu! 3 < uiXI ^j-lAzII OjjjSLJ! j-iLtaj iliJLx VI ia-flj| j! 1950 3-Luu 
Cj J_rs_i jqJ -Jl < a iVI LiU!i (_jlLo Lp- JLjIuj-jSLI 1 

i3_L<_«_a 3 1"^ CjI j Cjljj) (j-o Ja^vLi.1^ 3_*-uiajM -^J^ Ojj j<ll j 

LuJ£3_UJJ 

n i n_i jL^Je-i I J ml j^j j SI taJLtl i> JL& (j^. ' a uiSLII (jSLo-ij . 3j_o 34 <j^>-JJ JlJ^/I 
(_gjLijSLII (jjjS-UI q\£ LjI 3 gjl uiILa^SI la ill aJJt <U-m ij . 4JjSLU w ajla II (j^l jiiU 

« J>j_i» ^Li LiLIj .3_LiU_Lo 

V di-p--<jrt£ljj]| j cdjLuJ! ^yfl 3jy>-jJ,l objj_iSL!l j cIjIojIjjjSLII j! iJa3.V 
L-^-ilj j> (jf^-J j-jLtaJjl 3Jj La-La L aid Cjl J)- iJJ j>. j^J ^^lII ^JjuiII -i^>« <JLst-« 
(j_a 3 La-Lsej-uJll Cu; j*\ 1 1 ^Ir 3_jj_L>JU (jJ)L*J.I C^jl£ . Cd) j*s 1 1 (jja 

JUuj^jSUI (j^w) .(_-(S^Swil IjLA 5lj^»JI JJJ^ J.' a '"' ' ' ^J^J^J^ ^ .U 

dn-v 3j._. ,U1I oLluJI jt oLijj_iSLLI 3J3_oJ,l Lj_uSLJI jjlj-o ^ ^iLlII 

3 AjA-Ltl j%\ IaJLlI (j-^ - ' 3JajJuj Cj bbj jSLU 3Jj_oJ,l Ljj_u£LJI (jjSij 
'■■ '.' ' "^'3^-03 • ^J3 J ^ * I J ^ ^° Cr^' ^ itA.1t J CjLjjjjSLII Oul^J oj_^' 

Ojj^JJ 3 j.j Jaj| jjliaJjl J^'a ^1 ^Jjl oLijjjSLLI Lj^j-uSLJI Jljai-I i)\-\-a 
ijr Jt> 4_t£ j-jUaJjl d 1 1 ii t ijr il^j- ; JI Ojj-oSLIIj . L^j ^jl j*- ' " 1 V «L>.j Ju I g tajt * j^)^ 
t_yu[ i h'n" ( _ ;r d3 Ojj j 'n tl '-. ' ' "Ijj Lai • 'l^j-J-'JI jjl " d J*j;^H » jjLtalll <U-mJ 

. 4_^>. j^I^iaJI d j i ii itl ( _ ;r jt I jj'a j ? -l lalll d 1 1 iM ^La 
OuL^ Ljj_uSLJI (jl (J^. I JL>. LaJa !>LjJj) j-iliaill t-jjLso j» J-2j lLLI j) (jlr j 
C^-jj-jlSLII jJ)Lt-a_a t _>£^ ^ " *Lul JLujjj^ ijr II CjLLjj-4SLII ^Jj^jo ( _> c - 3Jjj*i i n a 
SjlajJb LljLijj£_Jl.l <>jL* JaLujI (^Ic >LjJj)^JL2j V LjXJj . (oJLtll (jJjjSLII 
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(jluuUlg CiLigjS i.nll 



(jjlo~LJI • '^ J i>^" JJJ^"' J J ' cr^d *— ■ '^i>^~"j ''"*rPi>^-" O -0 

t_xjj/ljijJI jj*._jJLl ojjjSLII (j^s 4jUI 80 jl (__,!£. L-Ja !>LJj (j^-u^jJI 
(Jjjs (j-a L*Lia.>Li^ ^^ill) ithiobacilli q «\ < iiLi^ji J» oj CjLiJ Lajl 2_uLijLCJI 
J-iILjj-jlSLI! SjLt^i ^jU", , ,," L^J jjj V Ljj_uSLi ^lill J i a all ( _ ;r 3 

L<j_j_3 Lai . (lLLujj-j£LI1 a o a* 3_iLc til] j Jjlj ^* i aj jcj Ojj-jSLI! (^I ^ 1 ^-11 
ilj-il (_)-><-i (jJ 5JI i ii a I La-iJL3 4_i^.^Jjjj>JI ' . .^--tl CjJls* Lxj (j I sth 

j ' 1 4jI ijr 3 (j-a£Li ^^-^^^rj- 5 *J lajeS 4_uL\ll Sjiaaxl I jj t aj ijr 5 (JLaj>JI (j^J 

JljJU-V a_a)}UI a_aLtaJI ^ oLb^Sl! SJpiJtt Ljj^JI Cukaa . L_L£ 
Lj— lTlSLi L^iajjl (_jJ.II (j^-ij^II CjL£j_a (j_a I gale i". I . jji] . CjLjjj-jSLJI 

j j i a£l (_5-jLj ,j_a (LgJ (jjJ V (_,-lJ!) (j .1 1 1 "L^-u I j\ 3jyUI ojj-jSLI! 
(j^il i n'C"* (j VI ^_u-a t Ltc ^_^_JI jL_aJt_il (j Lt ojj-jSLII (jjj^a . " , a , ^ j___J 

(j^^p* ^J^-j->J1 ^j^* 1 (jl L_ci_Lu3 1 (jl (_yJu * LiLu_uSLX1 J^lal-La ^j^* tj LjLjj-j^Jj 
(jxj Jjlj CjLoj-j£JI (JIjIo^Li Ljj-uSLlII O^aLs Vji CjJL>. j^tjjJI (jt JuLju 
^* ) JuujU !}! i^_u_aJl£LII CjLoj-j^ O I S Jo (^y^ (J^p_JI * i J- u ^ U*-^* Jd^ 3 

(j^cjj . 2 tali j i.^-!< JjjILJI ^1 jiitl<j/l , ,.~ L_)_uSLJI tfjuk (jl cjL2i]l 
(Jjt i uj LuSLIj oj^J SlUsjUIIj SjuJII 3-bVl 3 Mi^Lla ■ V LLa 

SjlajJlj Cj Lb_> j*\ 1 1 3JjJLr»JL I L^_)_uSLjJI JoLujI (^^ (jLvujJ i i I mi_i V 4j| l. hht'i 

,irjbjj_£_t! (j^> jjIj^^I (jjjSi (jJjVl 

1_j^>.^J^_lj CjJU>» lA^ d *^ Jail (^y^ Ojj-jSLII <■ m t iijjj (ji cL^_l^>. Cj^I JLaJ 

ojjj. (.=-,->- j ; , „j . Ljj-uSLJt ^1 jir" i .1 Li Li£.Lu^3 ojj-jSLII ^LuV cjL>.IjjSI ^l 

Jj^aAll ^ jutj La^ts oLiLSLayi 

4_dilljt_a ^jJal-La iJ7 £ ^jsr" i gj j N J ' aJI CjLj^jj^ lji^_t-aJI (J!La_jj 

i. i*hj . Ljj-uSLJI ^J* a 1 Cd^J (jr^l 3-aLjJI 4_uJjtXI i. 1 1 nl^jJI 4_uu-^JL*JI (j_a 
LaJLlc CjJLrsJ ^^ylll 5_lUj>JI aJJt IjJJ I liajl Cd; j'n It SJjIL>J,l Ljj_uSLJI 
cJj-li-l (jl-l_a i. i j i n l-Cj JL>. jjj .^jj/Ij ^l-^- 1 l - J i>^^' (Ji5^ J ui a-i 

CjLLjj-±^ (jl-^ Ljj j"^ ill 4_IaLt_u^j 4jt_j_iIaJI (^y^ fiLaJtxa ^JJ ' a * CjLjjj X 11 
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j-<-u£. J j'i i i i U i<Luj-«J.I 
cjLxjj_jS (jLa jL*jV! Jj j i .I « jlujjjSLII » ^1 «cjL1jjjSJI » JljUi-l (jx. 
(jl (j^Lfljj • a j j 1 ntlSLII j_ujj_jS ^1 3jLc L^JIjlo.1 joHj i ntLSJI 

I jut ^Ir (_gjLijSL!! j_ajJLi J*~ I gill i_<jSLj 

CaSO CaS 

4 

IS C-S IS I C-S 

4 

(j ii ii i" I <Ljc_l1j La-jl.J Jijo-j-a j_&j-(jj_ij_SJI J j i ii Si (_j-iLj I jlj 



.(j^-jljj- 1 ^' 

in H O 

CaS +CO ? CaCo + HS 

2 *UI ^ 2 
j_i i_S + IS I , - I + LScS 



^^-ij 4jr jJlS 3j-ujJL1 4_$jjSJ1 ju_oLU! ^j^j Ji fii^tjlj (j-\j>.j)j jlujj-jSJj 

J J i-taJI ji ajj i nIlSJI CjLjjjjS jjs-V! jjLU! Lai . 4joJU! CjLu-lJ! (j-o 
<L«jljjjJ! cLuJjtil CjLljj-jSJI ^jJt ajj >j-LaJ I Cj Luj_jS (j jSj CjLLuJ! (jy^J 
(j-jI i II jjLcJI (jjS_jj ij_i^ajs La-Itl (_gjlj CjJLxj LaS 

(_gjlj i'IIII JU£. jjjSjJI (j-ujJ • I 'j'^tl j\ ajj la-La] I CjL^ojjS <UL>JI 

i iti^i l^j-LaJI (jJoSj l51>" ' i- 1 - 1 * O' Cr^ ^ ^W- 5 UJL> " 

a j J Jj iaJ I <_ 1 1 nljij 3^ aJ O"^ l — 'Lj^jSU 3JjIL>J,l Lj_uSJI jljLcl ^L dJJj 

.3^3 i_^_ul^jj| Ojlyjl I aJS JUjj 
( j-SJj Cj Lxjj-jSII 4_ljIL>J,l Ljj-uS_lII i la u La T t- cv Cjl JLujj-oSJI ^j^oSluj 
>l ^Jl -i^J-J (_y£ (J-a-*J V Ljj_uSjJI ijjut (jV .JajL*-a cr^ L^JaLiu 

0^3 '(^dJ^^i ''J J ' ^(51 V Ljj'^J i^^liJI J i aAJI ( _ ;r 3 LjjSj LaS) 

iL^_alji^i C-l-lTlj CjLjjjjSJIj 2jj liajJI SjLLI (j_a i. JJ_a ^1 ^Ljjo 

aL_o J_ujj-jSJI Laj^jvj ^ >;r i^ JsbL<L>JI ^\ ^J-a-l l_AJ_Li^j tj^" t -^- u ^S ^jlj 

I jH->"; i^JjJJ tiilj (_U>-I (j-o Cjj^j ^^1 ^jjs-^I 4j-><J! CjLoLSil Lc^j 

Ljj_uSj j^Jj jujj .cjLuj jSU SJj^jJ.1 Lj-uSjI! Sjs-LUI 2jj . v.»tl S^UI S^Lj 
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JjJLx-a U-L±? aUoj J ' iJ-JjVI (J-i-aAJI ( _ ;r 3 Lulj L«£-(_£jj>.^M Ojj-jSLI! 
'■■ 1 1 "IjJ • Sulfuretun ( _ 3 jj^jSLI! a! talll d j n 1 h'ij Ojj-jSLI! (jlr JuCUj 
-I \j II a .3Ja}Laj<JI 4j1jj_iSLII *JaiII ,jja S lj^>-1£ OjjSLj 4jIL«JI Ojj-jSLJI 

cjLIjj j 7i~ 1 ill ( _ ;t ILjj_ ; lSLII ^1 k ill (jl ^1 (jj£u o' La lj La£ 

Lfl-LtmJj ii_xjljJI JbJL>JI (jyi^ (jVI 4jjljLjJI (^yi "LlU joiajLA (_£jjjoj . 4_Lula 

^J-iLo ' fl^l uaj (j-\j>.j .(j^jjljjl ( _^Lt-£5jJlj ( jjjL?c_l1I ^jjl^. Lcajl 
(jjijiil J c I fljj jl jj-ill (jlf CjJL*j LjjLo-i£ ^LcLaj (jLa Lujj_j£ LaLtaj ijLlU 

3_}LU ' a d *"j . (jJUtXI J_ujj-j^ ^j_L)J (j-\j>.j)j J_)VI JLujj-j^ £_a i tjljuM 

tJ? _3 4_j_iJ_*_t1 C)l Jl-lUjj j ^ ' a rt (j_« l>r!-^ tl)' 1 5j . <■ 1 i nlj *LLlA (^7!^. 
OJL^_l Cjj^j-J JL3 j^jjjlj^jjl CjLoLs. (_L*Jj .^e_JI IjLA "-^ j«JL«JI 

cLj_]jL_*_a CjLaLst^ d 1 im^j Lt-ojJ I J (JjjL?c_l1I Jl>.^jj . 4JLjjJaJI 

3-j-L»jlJ,I t_ijLaJL!l (j-SLIj .j-jjjJ.1 ( _ ;r a L^Jjj£j llLSj (jSLal jlsj 1 ji_ujj_jSLJ! 

^ i.-i< I 111 jJa 2 « j JaJI j! Sj^-UaJLi O-uj V 2 »^.Utl (jJI 3_a.>L$JI 

Jj^s^/I oiLSj. (_yJ-II jjliaJjl jjjjoj 4-i^jL>JI t_ijL*jJI (jl . Jjj 1 ntl liil j jJal ^11 
^.aLt-ajJIj (jjjL^—LlI w 1 c lg I La-i^-^u ^qJ ^jjt-ixIaJI Ojj-jSLU (^,j>.^J^_uJ1 
4_LjI_2JI 4jj_taJjl Q^SLj i_d_Jj_Jj i4_ujjtll CjI Jljjj^jSLII CjLoLs. (j-a L&j_j£.j 
. (j-\£La (j-uLt_ul (jr^- c l-a-jL9 J-^- W-^* 3-^37° ' J 'JJ^**' 1 
<J-° Jr!-^ O"^ JJ^-><-!l <^-±jziJ-& >J^Jd JJ"Jy»i»JI 3JL>. lillj (j_a ^ r~i 1 11 ij 
(jjSLj La SjLcj i ( _ ;t 1jjjSL!I a I la * 1 1 L^j^ J »C (jjJI (j^La^/lj 3_jj^tjJ| i_ujiljjJI 
(j_a (■ i i nljijJI j>J_A Jii-a -i^>* 3-11 Cdj i*s II ^5 (( Lo^ ^J^_U)> j-jLlalJI ^jj^j 

U I C (_g^J_>>J (_5-l-II 4_ol_^JI (J^LilH (j-O JlJJL>JI CjLjJJJJ . JlJJlJ»JI JlJJJJJ^ 

J_jJL>JI J_ljjjj^ '-. 1 1 "IjlJ (j -0 ^i^-i^-^Tl^ tl^'J^J ijJLA (jl i_3jjjiilj . JUJLr»JI 
. hydrotroilite Ol-JLjj jjjj Jljj* ^ .i i .n hydrated ^_uilo (j Jijla (ji)-^ (l)^- 
L^J jljjl>JI cjLjjj_u (jl ^jj^sjII S jujj . <uL»*il 4Ju]aj II »lx»jSJl Lijt LLj-">j 
cjLu^j£LLI SJjlliJLI Lj-uSLJI (^jJI j^>« (^j-II tJL)-^' ^j-* t^-^ c^-^^H J- 4- ^' 
jjjijJI jtjuj^j^ <_a^Li- (jlr 2Fes-^ ^jLajSLII jujl>JI oLuj_u j-ojj) 
cjL1jj_u (^1 cJ^so ( _ 3 jJI-pyritized fossils 3_ujj_lJI jjLUa^JI Lai . (Fes ^ 

JlLjj (^1 ,_JJ| (JIsbjII (jjLCIl (j^/ CjI uu I^UIVSjIi^VI I i aj SJailse " 
(jjs i. 1 1 1 i^i VI «ljj>-VI Sjjj^s '"■» xla 'I dlli (j^L^-J •cAO-^" A Ltal] I (j^ Jjlill 



MO 



(^JLjj-iSLI ! a Ua-Ll I ^3 Sji Jl*j 3ji jJ! JjJljJ! j_i LaJ_t£. C^-lU ( _3jlj , <-t' 
JL)J_>J1 J_u_uL^t JLjJjjJ CjLjjj-j_lI1 (Jjj-"*"* (l)^- 4 - 1 ^ * L ^rAj J > ^ a ^ «Lcl_u-£5 4jr b 

^Jl 2 tj j , ,,j 3j_o-^/l cjljLiJ! i>jLa Jjjjo (jSL«-ij i3_jj|_ij| ouj-jSLI! ji-u-uL^lj 

i 1 U jjjjJ-j-o cLcl i to JL9j . 4j3 _cL_Lt-a JjLLaj ^jji^. lLLujj jSU I ga o 3* 

( j_o Lljj-oj LuLLajj-j I g^l^J ' ■■" (jr^l l^J_iILj^-_iSLJ t ga o a* (jL/Jgai ' a ' * 1 1 J 

ojj_iSL!! ^ jir~i i n* (jll! dJ±£ "Lol i,VrM 4-lLjJI ) -, , ujjj . 1 950 j»Lc oLuj-J! 

. dJJju 2 ta jjj 1 1 SjLo-jJI oLlj|j£LLl.l I.", i in I LgXJ J iS-Ujj-tl joJUJI j^l i^a 

bog iron Cm . ..t I ajjo- ^ p , uj ^ " "tl jujtjj! jjjs LL<jus LaL>. dJLLa ^1 

(^jJI JUJL>JI Ljj_uSLj (JjlS J^Li- (j-a (jjS^JJ . CjI < o i"i i uXI <_sl jj- (jr^- -^JiJ 
" J i n^i d u^iLa. Ljj_uSLJ! tfJL^Jj .^L^I! J i a all I j ie jLxjl LuJLso 

dlli 3_iLj£ <j^-«JJ . fj LgaJI <LlAj c_lj-u!j (jlc- V-"J^ <-£J-!j-Jj '• *LU 

+ £■ (I Jjj — \ + 

Fex2 + 0, ^32. Fe(OH)3 + 2Hx 
Jp-Juji JlLo Monovalent anion ^jLa-f ® tjj j 'i? (_,JI X j-^j-J ti^p- 

(_Jjj>.^/! Sjj LgaJI (j^? - ' n^VI (Jj^S £La_uj (jjSju Ljjkl Jls-J tyGjjj^s Jl>. jj 
^iilo CjU" i"i i nil (JijtiH,! jajjiu^JI ,j-a jJ" (jr^JI ''^'j (^Wj- 3 J^' Ui^J 

i>J_A (JiLo » ll i n i" LaJ_t£,J . La Lcjj 4_Ua_oL>. ^-^^ jjJljJlJ>JI_i I j i i nl 4_j_Lc 

JLjJL>JI (jLa 3JjL»Ha ^ J ' J ^iila Mjj-uI/LJa 4-2ia-La <>LJll 

. J_iJ_>JI ^L>. (jjs g| n V t's~> t. 1 1 nljij tJJ^-J (jl (J-°J-^^ (l)^-^- 1 ^ ^J^h 1 ^ 1 I 3 

. lilli Lj-uSLJI ^' i aj I jU, (jjllUI J .^>Atl ^3 Lulj Lo^ 1 jJ I qjz 
Lj_uSLJI o JL& (jSLx-i jjJLjJLsJI 5 J i n^l (jLi JjLSJI jj i ..A*. It LLajJ I (j^s J^-JJJ 

2'j j • --J fiOjLoj <■ Mini . 1*11 tit (j tUJ^JI 4-a JL^-*i i n t (^jjjjt-a ^L>. (Jjl tjL^ 4_LlIj 
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Sphaerotilus -N j a 1 ■■ <j-u_L>. <j_a Ljj-lISLJI CjJjj J^j . 4jI<* jji«-JI 
(JjLxu^j ui ill »**»-t| jujl>JI Ljj_uSLi (jjs Ltj_i^.j Leptothnx (jjiSj^jjIjJj 
^l^j! «^U1U ^3-JI dJI_L& . ^JJLsJI j LauJI (^JJ (j;jjtr>JI j LaajJI (j^a JLZijVI 

d, ?;- ,, „ 1.1 

^Lj-Uj p j ui-^Jl ^^-3eJ Cj_o^ j-jJLua JjLLu l^^-jit^ JufcLfuJ 0<Jlj Lo 

^ 1 C l_jj_ua 1_j_L) 1 i i_u i jj £_J_uaZL£ O L*JLlL_o1 1 J £_-ul_LjJ1 (j-* JLiJ_>JLi 4_uJsJI 

C<_) j-J_L5E_U 1 JU-tjU 1 C-'-t-U I Jj ^J"^* * (J I (J-<W->«-l 1 * J J ' ^ ^ J J L^*^* * 1 

<—<-A jJlj p^tAJI pol_La (jg^Tuo ( £-jL_u_J1 (J_U3jU1 j^y^ ^j-u_uj , OLijJ-LjJJ 

J 1 (Thiobacillus ferro-oxidans (Jju-jI J j i u^jl ^ j *°i j u 1 < .iL>j-lj) 

CjLuj-uJI CjLjLoj ijr 3 Li j) j£Lji 1 o-JLA j-<s-t3j * (jJ JjuJI Cj\ a$ a i—ailuj c_<_uLj^M 
( jV-CjLlj j j-_uJ1 jj-* ^J^i 4_ui£^ <-_)jjC^ i 4_u-ia_<ao. 4o_uJ1 (Jjl>oj po-LUI £jLo 
£jl j-t-Jl Jo. I iJj-ALaJl CoJj-oSL1 1 J-Cj Lljj-uJ 1 Jioo tjj^- JlC.L_uj qoJI 

(j_ujL<_u Li j_j_3 d-LsLt-uj-j 1 lis 4 o-jj—lSLII i j_a juuiSllu pj . jjAiLirJl i jla 
i >■ ^j—o 1 Jljj-a tiUjL^ jJj_Lj_3 Thiobacillus thio oxidans-^j-u-jl J j ui£j! 
J 1 se-Il J 0_lj>. (_£i_jj-li p_jl^ ^Lliaj ijr l^. J L<aJe > dllj ^jj^-J . LiJLujj-j£L1 1 
5 JlC 1 i .1 o J dJ_ujj_i£L!1 ^j-^ «- r *l^xXI JLjJoJI L^-«-a c_3j^>oj CjLLilll jl_La_aVl 

cIjLljj-^ <LLui (jji^. p_t£ (jjut-a J-Aj 4.LlI^ CjLuiSLi jj-uL^tlll CjLljj-jJI 

JUJ_>J1 c_jjJU C^p- JUJ_>J1 oLjLoj ^yiiC 5_ul jJI tj^mi ^yiiC 4_j^L>J,1 ^Ljll 



Fe + CuSO FeSO + Cu 

4 4 
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tfj^j 3j-«-U ^LojJ ij! (j-o ^o-^-j-II (jlf J .£Lul«VI i i^i ^ jij-" i iuj Ochre 

CjLLjj-j_J! ' " ) I 5 1 La L&j-i^jj jj^- 4 - 1 L ^-*3"^'J (M^^'J j^^^^j" ^q-iJlJLjJ^JJ 
2 a 1 aj pjtt . Thiobacillus ferro-Oxidans (j-u-il J j i XjI j>i^ 

.-.j gja jJsj d Lta-a-St-ULl =L>.jjJ! Cjlj J_ujj_jSUI CjLaL>. (j-a cL^jLIla 
jOjj!j_>J! CjLaUla (j-a 4jj! jj* Ljj-uSj (jl (OX-jj d mi it Jia J I 964 ^Lc LjiJji 

cjLj_«^ (ji jl Cj^- c£^3 'Laterites OtjjJi^LII ^ 1 < ."1 S-jjjJI ^ 
jUil<j/l ^ ^jLall j-^J-y o' <J^ ^J-Ijj SIAUs ojK 3_lS1 jJI (_utjJI 
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s^lilt >*J ^ jp-: >i Manilla toicif cob Yj&in / LUy 
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.J.TS1- y+ljS. ^^,^1 W^J^-J^-r*^- 1 ^/ */J- 
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■i^l^^V Bacillus suNjlhj-Uv ji-V J* [ J| ijj-Jl 




. .0 ■; S» + 

\ \ > » \ ■ 1 

' - o i 


L-l i^-a *\jjSii y s^J iLX* £ Ucto bacilli ^Ui 
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j—^j Cempcx *trui 

'if** " tl» ■'inn -nP {a*pwi. 
■ htli h ltliln tin hirmtkn 

Urd DC n fen iff,rtnrti| T 1i> 

Fran*luri.'^j|hi 

i ijiirnuily WPKil w 
mi nil |i p u r rffcn i mi bj 

|1_ li. f hprrpiiioi, t'prsiin 




J^yi ijj'i ^ ^ jffZ^j jjWl U r ^_u 
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CjL^'Cj all 2j \l , .V.aVI J U ,". iVI p_&i jji jj&j '. (^^LjiaV! Lie jjja ^ja ^1 Jjju 

p^t_aJ1 ^jj^SLj 4_lLjX. <-" 1 st wot JL9j .^-L^Ltl 4_o*^J^_o* * )1JL>.] J_La 

4_o* ^aJ^_o* ijr 3 4_u_o ^j^jJLo 300 J_La-0£.j-Cj3 Jui^ . Lol_4-l 2 ^ j ^ A n ^_jJ1 

CjLjjljjs* 4 1 uiJ I j -1 la « a CjLjLu jj-a d i>i oLjLc-4jjjjj£LII 4-l2j>JLi i_Sjj<j 

iulaj 4^a! j ^iiaJ! oul£j . pj*->J! 2Ja^L«x. (jiul^ L^-iSLlj '^^jj-II o^^'j-^J 

O-Ll » I) 1 a >■ 1 1 CiLjl 1 i tl OuLa jlj iJLs-jVIj » * ~ , ,.t I I ^ j a . " 

JJ-dJI (jr^ Wjr!-^'-" 1 11I ^1 n 1 nil (j-aju (j-a 4_LjL* 3_aj^ 

jLc. jj 'Ct^' J"* ' J u9 ^ c -' liJJ j " '^l CX-^T ' 1 (J^ 0 

t-xj^jjj L^J j!j_a cjLjLjJ! cjLLaj cJ^»o I i-u-ol « S '" •■■II jLc.-(jliLiil 
cJlj Loj Humic acids 2_jJLjjJI ^psLjjv^/l ^^a" S^jj <_aji_)j-a j_lc. mJjLij£ 
(JLtll! \jjt J!la ^ jjLj peat a j ui j Ita ^\ lSj-?^ 3_lUj>J! ojut 

The will-o-the jL-i-II q\ < " lj • ftfS AS^J • ■■■ ; '' i=L3Li>. cj! <ii i" 1 nU 

(4) 

j • -« ic -p j ui gJI 1 ■■ " O'^Lh tA^**^' O^t!-^' <j-° ^ " '"' wisp 
4-ui-Li>. 4 jtjjU Sj_aUa L$j| i_ujJl)Ij iSjJLlIjjVI 4 jj» i"ill CjIjjjLII 

q ^ SI . ^ L^Jj iiiJLiiJ! (J-Lij-flJI ( _ ;r a ijLlsjL^s (_g jJI j j U 1 1 jjtj Jj 'j^^ .' 
(J_»_iL> claTi-iI L^jl i_gjjjSLJI Jgl wiill 1 La ifjj L^jl ti^p- (j-o stliaLs. 
oLcj imllj o- 5 ^' cr^ ' >* 1 .S-uLill S^UI ^ oLijj£LLl.l 

. aj ui^JI * 2 ***'■■■ ^ 

(jlj i n^^/lj (^j>.jj Jlj^/1j (J^jj^LJ! jj-* 3 ^ J ' "J^J 4_oj-aj ^j^SLlu 4_ul_u 3^La 

2 la j 1 iU ( 3J- :>, - 1 'CT^JU^^'j U5i>^W c ^i-^ c ■ 'cj^? - ' u^VI <l Ul^ Oul^ 

Jljlj l^jJ^/I 1." 1 i^L»3 (J\^>- 3_ujjj£LII 2 .^^tl . I j'al A-^. jj^. t | j ^ 

jj->- . ^.tlj JLojJl ■ " * 1 ^ ■ ta p_uia^Jl <- ' ' "^J)J t — t -*^^J-^ (J^JlulII jj-* 4— fl^-lV! 
■ p se aJ 1 ^^^j-Jl p J on j II (J^>o JaJLtJaJI jlj Llj JajLtiall <■ 1 1 nljijJI i."i iXjjlH£ 
4_o-Lj (j_o a-Lui^IL 4_ul/l J-Aj Lignite OuI_ljc_l1 LUj I 0 -r'°\ *JLil! ^jjjs tjl^J 
^r^Llajij-Jl 2_aLc gLa JL^-"i i n \ jJI (—S^ajjtXl ^j-A_LJl p^t_aJl ^Jl jJ^jo pj iC-t-j^jIill 
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jJ J| ^.sIjlJI ^Ij^JI ' La a ui J j«_a>aj*. tjJ>Lj (_^>-) ^-"'j JjLLaj <— slj-ZuL 
SJljs. (_jJLc ^IjJilJ SjJjlaj .ja^JjLLa Q^ajU ^-i! (jjJLLaj (<ukj (ji.!jiil 4 _ :T JLc I 
lLs « i o Anthracite i.'.j < Jj-IuVLi ^ g . ..U ! w alll jc^tAJI (jjSij j<u . 
Mi-a Jo-lj L^SLa-m d ^ c U Ci'y" tl «_U£ i La « i ea 1 1 ^ -J i c cLulj . Iji^- JLc 

4— ljI— t-q— ^ Cjlj-jJllI ^jLJI j^pajJLJ jcj . ^t_flJ1 jj-a LujJlj fiLt^s ^oj lajluu^I £jja 
Cm ( nl^ll^fl i £j i"ijl (_^>- O^jU^?^' jj-" a U5i>^^ lj ' r ' i4_l3LUsI 
jftj-ui^ll ^Ir JJ^/I I j-fli JUJ uJI LLaJt-Ltall (jl£ I jLt Lai . LlSj Ljajj^ (jj^J ij' 

^ 2U.il L£uk^\ 2LO.LUI (j^: SLaL^JI SJLoll (jLa (jl£ La Lfj .(jJjVl jil 
4_ljLlJJI SjLU (j-fl-KJ C^jL^ ^tAII (jJjSu Cjjl (_yJ-JI 4_<laj<J! (jl 

Ljj-uSLi-^^jjLiJI < a aJI jj-* l£J^-*^ J"^-^- 1 La^-^Aj .^jLLlLI Ljj-uSLi cLLsLjiaj 
.sl^JI ( _ ;r 3 jjjJj V L$j| <UjLl>.I 5jj i aj 4_uljjt V 
jl -*■ Jjljji I jj'a > Ual , ,." ' 3.J i ( l 'I jtj , ,.1 1 jl A ^jl^jl lj 

(J^>.J ^£ I t * c Cj-i-uj-C ^Jj fiLa-LiH-La ti A, ^JJ ' a * *J Lga^J I ^J-^-J 
3JoL<j/j_i jLiJI I j_fl> (jj^J Jl^J »*~ , „t I jLc ^jal i<~ I , .V.t I la 

(J » " Mil <LjI • «L9j^>. J >■ ■ < nLLa ^Lcj cbt-La^o J^SLajj .^jLLiXI Ljj-uSLi 

cjI_la£Li (jj^j ^LLlU (jl J-j^j -"j^- 3 <3^Li-»JI jLlII o'-^ LoLaJj 

w jLiJI (jr^ (j ' "j'j-j^ (JLjSHI jjt jLiJI I JLflij . ja^toJI (jjaSLj >Lul 4ijL* 

LLc-(JLa-JuJI j-^tj j-^-Lal • 'I'ij a it I Jjljlu 2 al LaU I j JuL^a j i r-i I (_g jJI 
4_a_ua (^.3 j-j lTlSLi ^ O^J^' C^r>o (jLLiil (jjs LjjjJta-t_jLjSLJI jl Jl£, I 

l_Usj_II w I c Ci t j_i J j Sj i ■■ " jo^tAII LuLLajjj (jjjJta 4^LLaJI 

jLiJs £L3jj>.j ja^cjill (jjjbu (jl tixjO^-^jji. I 3j_a JjJajjj/l (jl (_jj (jL^ ^J-^LlII 
jlJLllj (sLa-LflJI ja^tAII (jljJa3 jjIjj i *\ \$~ i iU j«jajJI ^J^ 5 " 0' 4jxjLa5\-i 
Sji^tHI CjLjVoJI oSLL^jjj/I Ji^j .4jloj Jjljlbj I j j i ii i ' ^jk' -ij^J (j 

3jLc (jLLiil jl>. . 1 965 j»Lc i_tjiSLa Uir!^- 0 *— ^j-^^ <j-° J-^' £ *-" 1 

4ji^.LaII CjIjLtcjLiVI Qja i— u i h* (_^JI 4_Lal£L!l jLUI jjtJ-ja^tAII jaJ>.LLa ( _ ;r 3 
jLiJI ,j^i JjL^JI (jj|j^>J.I (jl ua^j (ji «l ^IjJ (jJiJ .^.LUI ^ 
Ljj_u£_! J<ri; I uij JL3 sLlc t_4j2jlJI ^ .U^a (jVI LiIjLi (_g jdl 
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^* ' (j^J 4_a_jJL>Jl ijr A 0 JLA (j I i, *1 miVj . 4_o* ^a-j_>Jl * »1 VI (jLLill 

(j-o JLs-lj (jLLJil jjV CjLjSu J-La Ija^^a jjL^ (J^^l 

ju>. (.gj" uil.1 i_i£j^ _o^- i_i^!^£LI! ( _ ;r a Sji^>.jJ.! 4_LlCl1I cjljLiJl 

^^IL?e_] (jL^ J_J1 ^jl llLuu . (Lu^a-aV Ij ^jLLill jj_a 

i I_LjI JL3 I <■.'!<* 1 (j I 3^5=^3 . SLpJ! SlJoj (J^a (jLuJil 

(jLij^-Jlj ethane (jLiLjVl JJlo CjljLc J^>-j (jl • L&jIjJlLj/Ij (_p3jVl Sjjyj 
3_jT I j '* Vj- ( _ ;r j(_LjJaJI jLjJI lJ j$ 3_LJj3 cjLl«£_i 3^>-j^ (jr^j propane 

(J-uJLjI 1 JJt ^j_a <J-i-^1 4jr II Lujj>. 0J(jjLJ (jl t j£La_l-4^j)jjt_a Cjl_]J)j£Lj_a 
<Jjl3 jj_a ^-j^-^ Jsa-ilJI 51 mm Lai . (JjijUjJL) L t - L tjj v ^ 0 i u 1 (jr*-^ Jajilll ^ola aj 

(jl (^I-j-j-l^ jl>. ^1 ^ <_ u 1 nil jj>.jjj . <LSLtx 3JI 1 11 a cJljLai cjLi^SLii! 

Cj LujSLj jjjjj, I (Jl^>.| ^jjs JaAji I 1 -" Ljj_uSLjJI (_Lt^>- ( _ ;r 3 (0-1 IjLa-i 

JaAllI hydrocarbons S^^jj^jj ju^JI jl jII (jjS^J La-ijj .JjaVJ ^Ir <LaLa> 
2tjAU 4 Lul metal carbides (jjUll JLuj^ «LU j-jjL^j LjLa-£ e^jjSu jja 
^jv^J^-j-lI 1 (J-t-aVl (Jjt_=»o ga51 1 L$J Ja-ilJI <■ « < tj^-Jj iC_^a£Lll 

Lj-uSLJL 3.1^3 Usjj jjt^UI Lj-uSLJL Vjl w . I jl>. JL^o-Vt <~^^ 
l. ' ( "Ijij-j ■ La (j^j 1 3^aJLa i"it j ir-il (^yl!! cj Lbj j*\ 11 SJjUiJ,! 

£jtj^o Ja_aJj|_i <Lg-i-j ui CjLl^j-o jj^. I a ulS! II ( _ ;r 3 A^a. Lao JL»j-dJJj 
Ljj_uSLJ! (J^. (_gjILr>o d La b ~» a C^jj£j CjLi^jJI! ijjLfli (jl CjLjjj^LJH 

CjL^j_a (j^. j»L>J! i La a 111 ( _ ;r 3 I a u<S[ ) (jl-LuLi-g^ilaj i ■■ )j .CjLjJjjSLII 3JjIL>J,! 
CjLxj}_jVI ,j_a 2 i^i a 4jjLaj^ 'porphyrins CjLb^Sj^jJI ^ g . 

CjLljLSLI! JIjjlx-i J^>-JJ ^ L^jl i—Sjijjtilj i4_l>JI Cj Li jj£LuiiI 'Jj • miHl I 
jju »"i 1 (jj-tA-i La i Lu^_L^a d La * 4_u^jj^J)j JLi^Jl jl ^j'^* i L\JLjj . 4_j_>Jl 
4 1 La 'VI (jjs 1 1-> a£ I mi n 4jI (j^sLi. £jj (jjs Lo^jj L^J (jl (_g j La_i^ j_lC 

J La_a_ll lj_fli 4^jJI (jjs JUj-4J i_ij^lll ^jj ^j_Zul i—Sjjj/j) M.i^.^I^LjJI 
oJut (jl jjL>Jl (j-oi 1 JaLalll ijJLfli (jjs (_g I Jj LLaJ j»j^>JI (jSLaj ( Jjlj La_i^ 
ifiLu^SLj Jju i_La_aJjl CjLi^SLlLI j-jjLj (j-a-^LiLa- Lt - L aj > . C-trtt T u CjIj-jjuJI 
. ^_)L_oJl (J_t-£lAJl ^5 (^"j-u-o La^ c/Sp* 3-J ^J-lJ^^J 11 LaLa-l (_5^j-»_a j-jjLj 
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4jjl_a-a 4_u^£Lj_o CjLlLi£. ^J* a * cl)3^ lLiAJlII (jl ^Jl ^ j i"i" CjVLaIo».VI (j^-Jj 
ja^c-illj Ojj-jSLI! (j-o i_i£aSLJ! I JLfli (jjjJta (jjaSij ^1 Cjjl CjLjLjjlJI liJLbJ 

^5 j i <a I J-2J isQjLi j_lC . t- A Ml jjjjSij (j£, Ljj_uSLJI 'LlIj'i i n a iduL^ I jlj 
<■ i I f I (jl . Ja-fljJI '- ■ ' £-*->^ (jr^ 'jj- 5 'WjO^-f^' o' iJ^il (O^s- 

(_j-fl>J oil shale i La a * 1 1 is 1^1 jj < ml jaisj^s ^ i all T (- ' i "Ijlj-II . t— A *tt 
cJ^jl) -^Lj-uVI (J"V * i ntl£Lll Cj\-uj-& (j_a j-Jlj£ JL>> 4jr II (jo£^u 3 jLc 

SJj^LJJ,! Ljj-uSLJI ,j-a (^1 jlSJI LWLa j <r>\ qI-jjj^ ^j) i^i^j-ZoBell Lujijjjli^ 

j^iej^iJI d "i^i" al La 3^^! (jJJ igJp- iLa-a.il I jaici-a j-a jaU tjr^a — 1 
' d a I" sc a (JjLl^o-j tiJJj Ljj-uSLJI (J_ajuj ' " ) \j La a *I^LlA (jrLc «L*_a_=»oj Jsa-ilJI jj-a 
I j j j <j * j-jJLj tiU JLjj J_ujj-aSLll ijr II LjjLa_j£ jj se < aa 1 1 JljUjej (jl LaI JL>.I 
3_}La ^-U-lj (jl (_£j»j>.^M J_jLj_ua_Jl (j-aj • Jaa-a-JI 3_}La {jja 4j < -V"-*! La JjlLajJ 
^3 ^jji.^/1 4_ul j-fli^UI Ljj_uSLJI p j ' " 'J . JgLaJLlI J i ii tj (_g jJI i aia-Il L 4 i u~> \ 
( _ ;r fl>j-Lujj^jJL^j (j^il i nCi ^fl ^ -i j La « 1 1 JgLa.ll I <_ 1 1 nljij (jl (jj * La 1 1 j .j-uLi!! 

*C Ig" i ii U ■ La a III jLjI (jl JatAllI jjjjcj^j (jr^ ^ihS-^^' JtH'-^ ^- 5t ^ J 
I j 'lC • _i j a S 1 1 jjjja sLlso C< A Lc mJJJI JaJLUaJI (jV L^3e-io jJHal jLiVI 
■ La-fl til IjLfli (_>^ajLj 4jvljl (jSLajj . l_Ll 1 ■ La-j *tl (j^a I jj'^ (J'j^-°"lJ'j ^ 

j aLaJ (_^i>- OjjJI 3 agio O-rsJ jjejJI «La ^L>-VI ^Ul ^LlLi jLiVI (jiseJ 
secondary recovery (_£ajLiJI ^L>.j" , nVI 4j1«j<J! aJJt, ^ n i ujj) . L>.jLs- ■ t—- A * 1 1 
i-L^a!LayO cLLa j»uSLII w a i * (j^-Jj (' La a * 1 1 (j-ix^x^aielX I (j^p* ^aJ^-tS[jJI 

^\-x-j-l (_gj_il_jJI ^lj^>- "i i iiVI SjLjj (j£Lal JL3j J^a-aJ II jj i- i^ 

^t_*iaj Li^La ^ 1 1 o^^« * 

iCjVL>JI <■ ilr I (^^ dt^J-aj ^_Ual jj a-i Laj»JI g-j ' "^~(j ' n^-"!! (j^-I * jL- 1 ^! 

c^jL^ j^uL^/I (J^^Li. f-^j-LM (J-«-c (j^Lc L^_j_pSLjJI (jL^j^M j^oia jjil 

. (_Ll3 (jjs (j^>3 <l *l a<* 

Lb 
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2f\',,y\\\ ^3 Cj Li jj£LuiiI Jus-till ^1 JLy" i nVI 5JI i ii a ^\ 3j_o-^/l CjIjJLUI 
3j + " ' "~ L$ji j»i ^LJUjlI! aJJt (j_a djUr 4ji (j-a SjLa^! (jSLxj (J43 

S 4jJL^a j-JlC LjLtJtJ ^Ljala Lisj 

,j_o i_,<^SLl| I juk Lj-sL^ LijiJ^ca tiJLLt j! 3_aL*JI <LiL*.yi jj 

C^^a-JI a * * mm 1 1 q n i-»J1 w ^ j Cuj i*s II j (jLLjJJ jLcj ■ La ill J 
cLuj/Lu/^/I jljJi! tfJUk (j-a 3jLa 4jI ( _ ;r 3 (^Lc (_)-ajLl iljL>. _aJj (Jj-SxuiXI 
d A I U 1 1 ^| i nL 4-1^,1 i ir-i 4_)^Li_i^ J!M->- La^j-i j La 1 1 I w ■ a S l 

(j^LI w » _4-j-L=»J1 Ig-vLul JLji23 (j-a J ■'"'■»! dJIjlS 4_uj < j<ll 4^LtaJI jl 4jjjJ! 
0_}jl ^_a (j_a * ,jX.jj>.Lc. . ^ i a 4-aa.a.g. t_gj M i jt l (j-u-L>JI 

j L^ajej 1 1 (j-* 3 !j Jl9 » )Lt-a t J-JI Li-^a^ ijr 3 jj-aj-a ( _paj-A ^L>JI _}l j a u ijr L>JL! 

LjILc Ojj-j£L!I <_>-a-Sj I j-A ^Ir ^"C j i ..^l£L!l JiLtl Cjjl>. jLSj ■ La 
^JSi 2^ I '.^lt £ j>j_a-£-i-l! I jjl tLuLLajj jJI 4cLu^i]l C^jl£j -Cil inno -»JI (JjIji 
jj_a Jijj " i ii U (jJ-j-j-LaJI C^-jj-jSLI! ^1 JLa-" t n La ^ La ljj a-cLuj «JI Lijljjl <■ ' If I 

SjiajvjII ojj-jSLII c-jL^s <_sIJ_lL-J Jjljla jl£ 1950 ^Lc Sji^il oLjVoJI 

Ltj . ( _ ? SLjj_a^/! Ojj-jSLI! (j-aj jJujLs i3JljJl>. t_)l-J^ i— al t~~f\\ JjULA (j-a ( _ ;r L«j| 
t_!j^e_LI «L3c_lj_i jVjjJI ^ya Aja^jjx^a cLujJLl! (JjJ-J! L. i lr 1 j LuLLajjj OuL^ 
^jjJi! ( _ ;r Jil_«J! (j^aJLLil «L3j_«_j I j * c I * i a ( _ ;r 3 (j i uJelJI ^1 CjJl>.j Jiia 

jj-a 1 a c a st > LLaJLfl 1 ^.Lj C^-jj j*\t1 4-ajl i5jUJL>J1 >■ < < nl^jJI jj-* 

j»Lc ^LLl^l (j-SLIj CjI i j i ii n -»JI ■ La ■ uljl ( _ ;r 3 a 2 til w ft 'I .^LajJ! 

(jL^ (jlj a S ' Liujj 'iX>** ' ^j- 0 * jyjLak j^Luax i— al i^r^l jjLso 1 963 

(jjl_«_Llj CjLLjj_j_lII ^1 (Jj-><-1 4 i ujSj-ll 1 "'I c I * i aJI (j-a Ijjj^ (j^/ 3jl>. J^l 
-O-JJLa- "i i .ii JL^j . CjI m i ii a -»JI J^L>. dijILijjSLII 1 >J j^l-La-»$ (_Jjj>.VI 
jiljLitl^Li ® dJ-^Ljj j< II -i ^ A^lVIj^I ^iiaX:-5LliUaJI ^LajMJ S^tjl, 
4_JLaj(JI CLuuli Ji^j . 4-uLtaj^JI 4_LaaSL>JI (Jl4jt-JI Cjlj_iHisji Jls. I ( _ ;r 3 CjLijj£LlLI 

jusj 3_«_j-JaJI ^ oLbj_iSlI 5dpjJ.I Ljj_uSLJI 4j>jlj ^jJI t_j^LuVl (^ic 
-Lil_o.i liilj i_kIJII tiJjLi ji^j-oJ^Lajj K.R.Butlin. (jiJGaj . j .ill 
iCjlljj j*\ll 5JjHi»J,l Ljj_uSLJI ^Ijliejjj/Li (_gjL>J,l ^jiajs j_uiiej g-jLaJ ' •■ ' Lu! 
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sewage sludge (_gjL>J,l (J^-j composting jLujj^Li I ^"h a . n"i <jSLa-i 3_<lajtj-Jj3^! 

^JJ 4Lajo (3^-°' • ( _ ;r 3 LjjLxjla I 1 aj I 4_&Jj Jj^/! JuZhj-& 

i ir-i 2_i^La_Li CjLlLsjlj L-titaJI <■ 1 1 n-v lLLujjjSLJ! a 1 a. jl OjjjSLJI 
(^^alselJI 4-o.Lj (j_a 4j>Jm! Jju 4j^jL>. Ljlj_a (_£jL>JU (_^>-jJ O^J . 3-3 
cLaj^U! 0lj_U 'lio'? I 3 i_dJj_ij d j j 1 iij.ll I 4 ■ ajl 1 <■"< i 1 n-»>-] JLa3) 4_La 
^jjjj-^o £j)j-*Ita ^3 4_lLjjlI1 C^JLtla (jJ-Lt ^ j La- a 1 1 dim nj-a ^ji La^ i(«\_La 
-(j-aLllJ! J L^a-AJl ijr 3 j^jj>.t 3j-a J J l_3j_uj t_£U_oJ-o jljJLl «Lse_u_]- ( 2)^-J 

(^31 jJI «La^VI (^3 LuLtajjj JLaT ^LlILi O ut o< M j ^jj uJll I j-A I a 
4_o*^J^jj)j£Lua 4_lLul1 fj^-Q-i 3_aLc 4_aj-a_i3 llLJ!} £_oj- Lujj>. ^Jj-Ojj-oSLII 
(j*ajie_LU 1 11 U CjI j JjjJI (j-3 4jL3Li ^xLaJ q\ (_£jL>J,! (j-a CjJj-jSL!! ^LljV 

cL^jLf^o ^ jl t~ Jl3j . 4_liJl>.^M 4la-«J! (j-o SjaJijJ,! Jj! J-Uj £j-u^ajJ! (j-o 

^!jiislL<j/! (jSLxj (JilLi .4_icLu^i]! cjLjLail! I goa cJ i «" ■ ul L^LajJLm^Sw' ■""< 

(_gjl_>J,!j £j!j_U CjLjLo_i (j_a (_gj j'i'C jll j_aJti!Li (jliLiil ^Li^ oUitiai 
JL3j . I j "jj fljj I j 1 hT ,j_a i 1^1 3 ri 1 -V" U (jJaLUI 2 SI tail j J La I 6 ' 

3_LSLa-a 3 jiijj 2 c I ' • c& sulfur farming kc^-jj j'stl 3x.ljj» ^^ajtoJI ^j^l 
CjLaj^pJI Lt£ iMasulipatam ^LjLuJjjj/La JiLo (jJaLla 

,_Ls-ljJ.I ^J^-V (jJtqqlaJI jjLcJI jjt-j^ljJ! ^-^Lljllj .3jL>JI jJalJll ^ 
a j j U ", 1 1 ^jLjJ,! ^ 'I 1 a a ^ Jiir" 1 ijjj ■ t_g j La- a \ I LiiSlJI sL>Jm! ( _ ;r 3 
^ 2jj ■'---« 'I SjUI JLsj «L<j! jjjlil o^t^' LlcI Llo 2 ajA'.t I JjjJI 
(j^-ai JtSj . Cj|_L>.LiSJt jjj 1 11" I CjVL>JI (_j-3 1 L^jUSLa Jji i"i"l 

(_^3 (jjJ.1 jLc. (jJI oLiLl! 3iLUsV ^''jLiLlI jul-t-a 3_UsjL«_a ^^k: c-JJuJI 
iJ? _3 jLiJI Cll *C 1 mi -iJ)j-J ^jLj>JL1 ^-ji ' a rt ^j^* 1 ^jt La^ iSj-o^^/l CjI j i i nil 
^alseqJI Lujia3l_La ^Lut ^jliLiXI ^Lul i?t-r 1 i i .^jliLilLj L^j LjlLs Lo_a 

.(j-aLiJ! (J-LaAJI (_gjL>J,! ,j-a 

3_jjL«_l^ SjLa jj|_Lll (jj^J (1>^>- liJJij , <Lj \l , ^"al QaSij (_^i>- L^al JLa-" 1 11V 
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I * 1 all J^tSLI! ^Lijl S-iLnJI cjjj>.j . ^LLlU jl ojj-jSLI! Jila 



.3j-u3_>J1 4jaL_u^_s (j'C 1 ntl 4cl_Li-£3 CjLjLoj JL>.| jj-uV^JJ j-ujj^jj 

i_cjjLo 1 0 fr^L^j-butanol ^^lu^-uJI J^e£Jlj acetone 1 n^l ^Lijl (<u L»£ 
Clostridium ^SLlIj^uj'j i J ^jjgjj" 1 .i^K 4laL_ufrj (j-uVjll j-LgjeTij-^ \jt (j^. I r ir-i 
J^Li- Lj£.Lu-a glycerol Jjj j 1 I-»JI ^Cu\ <jSLx-ij . acetobutylicum 
acetic acid dJLJLiJt ^ -1 ^ ^Lul sulphite o-oj^-lSLII Jj-^-j ^ (^Jj^eSLII 

ijjljlijjl 4£,l i ir-i 4_ujL>. jjI 4jjx-i 4jjLij£ CjLi.La.tj Lg-m-flJ 2 tj j . ..tl j 
tfJLA ^Lljl ( _ ;r 3 j_«jjtlll CjLJLtC. ^ Jii>-" 1 11") cJljLo '"'I c I * 1 all (JluL^ ^Ij 

(jl (Jj-S-i (jl (J j ii * 11 (j_«j3-3.S^>.j_a 3j^>-VI (jl Cua.-^ 1 11 j II CjLjjLijSLII 
Cjlj^SLiiLa .(jjsjJI L&JLc La£. ia-2 j<~ I i . all 4-o-LJI (j-a-oj-A j_aitlll CjLJLiC. 
CjLlUx. Ju 1 n_l La JJ*J Lc JJ 4-LlLs CjLui^ (^yjj Lajb LgjLaHia 

jufcj .i_ajJLdJI 2 la Alj 4-i£.l i ir> 

jljjj (_yjJI (j Lj^qJI CjLjjL«_iSL!I » ^Lljl (^yjj CjLijj£Liil j»ljliii<j/l (j^L*j*j 

. 4_aLc 4 a ' a 1 4-Q U ^**' 9 1 ) 1 c 4_J l_uijQ~ L^_JLc c-JLIaJI 
.jl jll j j 1 a a< i (jji-4 1 uJJj 4 a 1 aJ-4 cLu-all ^^yjj CjIj^SLjII J j-Sj i ■■ " (j-*^^ 
.j^i-V jl <_ 1 1 1 11 I ^j-g.1 i ir-i *U - ' a ** ' 3 J ^ L i Cr^^ 

cjLi^ ui 1 1 3-^. 1 1 1 a ( _ ;r a *jiiSLi ^> jLa-" 1 uj jjtj-icitric acid Ld_uj^iji!l '— 1 a. j 

(_gjLijSLII ,_jjiitlll (jlf 5ja-uiC SjLa-jj^iALiJI Jj^uU! LiJ^^ SjjLiJI 
JjLtaj ijr Lc Lo^ ^J^_uj)j^Lus ^* ' aj ClJIj Ljj3 ^cj • I Laj i * I g-u&jj ^jlj 

fumaric LLLjLajjiitl ^j^-i^j .^e_JI I jut ^Ir j-a^l J^_* (jl J-^-^i? (j^-^ ' 

-1 a. ,j_o I j j j S j j tla * ti j! CjLjjLij^ itaconic i^i-Ljj^LljVI 
CjLal Jl^-**i t nl Li^Jj i LijLi_j^ I 0 j**"* Llxa Lcaji j-u_u_JI £yz jj-o-J (j^-Ij idjLu^<i_LLI1 
. a -1 -- 1 1 (jjjut ^^-"! C'-yj 4-£cL/ call ^1 1 ir-i^flj 1 'I j" 1 h^LJI CjLcI ! ir-i ( _ ;r 3 
Rhizopus o " .'jjj-jj J 1 **— 0 l — 1 ' JJ *° a Jt 1 j ^ ' " ^ I j-j-i^c-Ti-j 

jjtj-gluconic LdjU^yL->JI (jia^ujJj .(jJI jl!l ^Ir Aspergillus q j 1 "lj 
^ (<tjJLl J_j^j-jJ 4 1 j 1 11 ^ 4_JjL_j_t-aJI ijr J3 3e j i n1-j^^-lL>J1 jj-* (3 **' a 

Lt£.Lu-a ^ j ■ a >i 1 jcjj^ i^LaU ^_u_oJl£LII cjLj^^L>. ^j-^- ^jSL^ji^) i ntl£LlLi 
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jj^jl>JI Acetobacter suboxydans jj i n^l i . jliS-ij'j . ..I Lj_>_u£_> jjLjj 

( _ 3 jJI (_dJj 3-i^L>JI SjLjiaiaJI CjI j CjL£j_U ,j-a LaLc I a i ..3 (j! . jj1-aLLi3 

^1 i^jJj tfjufc (ji ^j-utJ I j-a>j .optically active Luajls 2 la uu Qa£j 

4 i r (_o_<ii£LJI (jSLaj jjjI polarized light >■ ta ali ■ I »j^aJI i_s!j^tj! 

( 2)SLlj ij-uQ]1 ! JLA 4_ukLa ^ , ^.A" « Lufc p" j * (j-^J • *Lu_"LLa 4_u^_ua *j j 3* 1 1 

^j-jUjI (_3-J^>* Llj^ ' la uu > *^j-_>J 4_L£La_U CjVL>J1 Ja_i_uj| ' d-Lai (_5aa-oJ 
3 ^ (_gjLa_LS^JI oj-aj (J5^d ^H5i>^ '-'^J- 0 JJ 1 alllfl . <j-UjLa_iSLJI J-J-«-I J-°^' 
Cjljj L^-J J i^i'ilj (jj-jj_SL!! Sjj ( _ ;r jt C liJ (jj^LjJ .Cwxyz (_^a (jj/ 

dJJ!i (j- 0 Lujj>. (j I 1 til lLLiI ^oJj . w,x,y,Z(_£ i(_>-s3 ^jj-A sLdlHsfcjq 



c _ 



w j z 

(^1^ I (jJI j>Jj3 (Z) (_£ La I . 4^j^JI (J j" . . 1 a yi(xj w) j £-a (jj j_23 lii-O. 
fiLSj^aJI lina C^>o a 1 ol ^^jJI 1 La j j" Q (Y) Laij i4j9j^J1 1 u a 

iisj lLL)I jjj .JjLalLa j_lC *(_gj^>J! ! JLfli (jl . («Luj/JLl^J! cLo-LcJ! (j-a £j^j_a 



b- 



(V) 



Z 
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(^jIjcj (_£jLa-i£ S-^J-° l£' O' l^Jj 

CjLcjjaJca ji) d ii l"i T a <^>lj^ J^jW J ' I ^J- 3 * jQ U5i>^ ^J- 3 

43j^oo-aj (J_t-a^M c_i-i£j-iJI (^jJS (j^-iLaj (j-Cu-ufc ijr 5 Jl>. (jl (j£La_i (cjIj jJI (j_a 
3_aL*JI 3_jjLa-i£L!l I <i(j ir-il £ Lo~Lj (j-a (jLl^jLJuILa (jA'mfl II <j^>-!j •*l>^' (jr^ 
w 1 c Ls-Aj—uG ^J^-a ^LLjjt-a cLo_t£^ ' J ' dj ijr 3 i la (jLalUjtj La-ilj < I 
j j " -»J, 1 ^jjs (Jjl <"U J-^C- <-r^>^' J-"- 0 lSJ^t!^' lS^^ La Jii^.J . « j'^ll 

4_aJj )VI (j-SLJj . i n"i a 1 1 ii m iyCujL^l\ (j-a Jjj-a (_ji£- 3^Lc J i a seJ 4jLa 
jl i a " L^jLa iSJjLalli! j^c CjLi£j_U ^ JLy"i i n" jl ^' ■ aj (j-o. ^Lji*" ^jj^jjjl 
CjLljj^>J! i_i_Lc! (jl ^JsljJIj .^j^-VI (jj.5 i La (jO!Lifl]| (_JJL>.I ^ Jlir" i n" 
(JLo-uJl fUtiAJ l Lt-Lgrv (j-ali-u (jl l£J mi^jj 4JuLaILa 

CjLjjjjSLjI! ^ J_a-"i i .."j . molecular configuration CjLLjj^JI CjL-ujj ^ 
' ga flj CjLi^£LlL! ^j^* ) (jl (Jj^l 'cl^ 1 "I W^- 4 ^ ^jta-uiill CjLj^jjU j J ' I 
(3^"*° (JsJ^ri^-^ (j^- 4 - 1 ^LtjLiJ (Jl o tftiJI p i ii^ ^Gjjfc CjLoj->J1 ^1 JL?-**( < til 
l. u i ii tl . LuL>- ^"jj 1 "* ^ Jl>>| i-ilj-u CjLi^£_iil (jV (j-*"jj (j-u J i a aJI 
^. * i a_i 3jLc L^jLS (JiiLila j-JlC LsoLi ■ aj (jl^s- CjLjjj^LlII (jl jjt ^Lill 

JaLcoJ JLalljLJJ (3_}Lc (Jl 0 Mill p ni^ Sj^oo-o) (jOj^OO-aJI (j_a ■ ^3 3jL>.1j 3j^_t-£3 

lOLoJ^cil 2->j^-'^tl (jlc- Jj i^aaJI ^^ic LJLc 2' .ij.^tl ^ 4jjJ^I 

(jj^Jjj . 4_Ljl_a_La J-J-C SjjJLC jj^lj_a Lajlj JLs-lj j^J-« I J J a (JJ^J i 
3jLl>.^JI «LlL<jjlI1 (^jlj-LaJI 4_ujj£LiX1 (JjL_o^oJI cLt-aLitjj fiLo^aJ^_LiJt (JjL_o^J1 

JiLaj (j-^j • L- 0 SJuJiiLlt .-.I ;.^tl ^ 2 j j l U 1 1 oLjLjjSLILi <r. . .nt 

CjI j I n » II I" i n_l L^>-Lljl (jl JJLjjj , d ^ja l tl Cj Lj J La_iSL! I (j-a I a i m°I 

Jl_i^>.jJI (JI_>J,I i."i i in I M—ljv^Jo-LjJ I CjLlLjjlII aJJt ' l-*^'- 3 i *r^->l>i^ll 

cjlj^aj^Jlj alkaloids ■"«!■ u^lSJI (jlr J i a se '■ (j^tia ioLjjj£LlI.I 4_t3 ^jJD (_5j.II 

CjLlLilII (j^s 3_jj_,^/| (Jjcjj/ (^yi SjjjJ,| ,__;jj>.^/| cUjLjLiLaJI CjLaHill (j^s j-JJ^J 

. cj L^SLjI I (jjs Lj^jg J ' 1 l-*^ LaLa-1 cjLil^pJIj 
I yr- 1 ^ (jSLaj V 3 jLa ^Lu^/ oL^j^Ljil ^1 jj-" 1 »l (_,lr (j'Cji .i^ISLII Jiilj 
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' a «jj jl (_£jj>.i CjLijj^Lus (JILSj iCjLijij^LlU (j-a £_oj I j •»■" h .jlj_a 

I JL>.lj (j-LLuu-ul (J!j L»3 . 3-j.JlC j-^c Sja • aj SJLtS LjLo-i '"'I 'I Ij . Lfl>j-a-i 
w laga. (j-Ac 4^tlijj ■ Ajuj\ i n-»JI Ljj_uSLJI Jixa 4_3jijjlJ,I j_l3l2jl!I i£a^Sl (j-a 

j I j i .lijtl cl*jj/Ij u?-^' (j I <* 4jji/i J£_<iJI 

(jSLIj i jl jll o juk Jila ~~ ~ j U HI ! jut (jjs Sjljjlc £j ^ji dJLafcj) Penicillium 
c^jL£ jJsj i(Lj£.Lu^s ^jir" i .it, I jj* . P.Chrysogenum j<s_L^>.jijj>^ •t-i J 
Jjl-(> 1 1 .1 i j II 2 LaJaj .SjljIjJI oLj/IjjJI «.I_LjI S-LAUs 4joI_lII oLuiSLII 

Lifli (_ps (jV =L>.L>. ^La ^<u <j-aj iCj^Ljcj^JI ( _ ;r 3 J-a-3_j^j_>JI '"'I sLl^lII 
^jls (Jlaj (J ^o--l_uk w ^"^ 'J .liJIiUI J i a aJI (^-L^jJI Lij-^l L£ (jlj i 1 
t_t^j_a I i ii i i II (jl (^1 Sj Lti/^f Lj-Cj Lj ij^ < j olt cUcLLLall 4_La-fl>^/l 3^-^ aJ 
i_-JaJ I (^yi Sjjj CjJLs-I JL3 =bl (jJlj i(_£jLa_i£LJI (J^-iAjcTJl (ji^. ^ ljL>- ^ i -"»»"" 

Lj^-lISLi -5a^>-J (j-Ji ^jCjJI (ji^- i4-«-l3 j_l3l2j<JI I (jjs Ijls-Ij Jljj 

. ((j_u^aL>Jlj c^JLxJI ^ I ' a all jJajl) cLaLso 4-u-ul i n"v ^c^jjj (_^=>j-aj sLajLaj 
£yjs (jl ^Jt iJa-j ■ * i. i i i n 1 Lxj>.^aJ^_u jij^Lua (j^ 1 1 n i i \\ ^Lul ^ a" i u 1 i ulj 
(j-fl-nJI CjV^Ljj/ (jl Lll 4j£^UI jjjs^/l (j-oj • LjjLa_i£ "j j i a >■ i ljL>- i n»tl 
ijlu^ Lo ' a « i a 4jLsj^1j i^j-cj (jyl 1 1 nijtl 4^,1 i ir> ^jjs (j^Ljl 5-a ji>-" i u U 

(3 I *~~ 3-oLdi 5JI i .I a ^xajj dllj (^ 1. 1 1 1 ntlj .fleming j_Lajia 3J^L»j/ sLa^Jj 

^jIjJIj (^yjliUI ^ 1 1 a^JI (^ Ljj^i • ^-^jJ^^uj^jI I <Lc.Ll.LaJI 5jjjJ.Li 
| 'a (jl . .." ,_jjj>.| SjLjjlj jl I a-iikc I ^J^"' lS-^ *— ■ 'W_1>^t!^' o' ' 

j^JallJI ^ rt i ill 4_lLjju i a-j^Ltl 4_lL^C Ja-ujJjj .3jUJu>J1 CjLLj-JI L^-maj 
Jj_La_>JI ♦ ^ t.'i, „'. ^tia . (j-j/LtJI Jj^iAJI (^ I ^ uiSI '"' mutation 
«UajL>JI jjljiJI ^ys I ga-tojj (J-2j j I) Jjjj mutauts Sjj^SLus aJa 

jl j_l3Lojl!I j»jL23 Cjlj^Ja ( -;r l^. (JxajeJ (jl . .. i I <i l"i a i LaLaj (j-d-uuxll£ 

CjLi^SLlI.1 CjV^I i .it (S'ij i ntl) ib>JL«Ji.l , . 3-U>C. jl J-a (Jiso (jlj J-a-tlt »^jU", , „" 



j| j\ 2 j -» i oAJLlII 3 < uiVIj ji mustard gas Jjj_>JI jLc. Jfla jl j^j 
JLSj .CjjJ.1 ,j_a 4-Ltj.LiII CjLjjj£LlI.I (jlj j riU'ill <j-u^l 4j>jI/I jl 

Sjji^ CjI j ^o_LL*.jj_jj^ (j_a Cjlj-oJa (JjJaJI tfJ^J (Jj ir-i-»JI (jSLal 

5-aJLa-"i i .it I 4_uj|j£LiJ,l CjV^LjJI J^J . Lj_j_tiT La^ Q\ I i nijtl ^Liil SjLjIj 
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j la 'I) CjL«-3.5 w I c j-a-jeTJI 4JaLt^j-£LjjLiLo i—Sjjjjo ( _ ;r 3 4 algae a CjV^Ijj/ 

w I c ^ jua- " < ..I jJa J-«-i g " 1 11 U 3_cljjJI t_!^ixa/l jjSLj ^sJj .(jjIjJ! ^-iLill 
LuLIojjj Beecham ^1 uuoj ( _ ;r a i.'it jll JjsLjla . jjjiIj 

jj-LaJI ^Llj^ i4jjLa_i£ ' a-Lajj >J .Jrh'JJ^r!- 0 1 aj **" 4ijjJa O^. jCbl JL3 

(J*U-UU4J £(_£jJ>. j-ajj -fiLSjLb SjCjLdJ I j . » » j .(J-ti-UU-Ul £(_£j^>J d t, 1 

/\ u 

R-Nh.Ch-CH/ N C(CH 3 ), f 
> S 1 

C - N Ch. COOH 

It 
0 

(j^j-uilgll jJI I $:^J~ CjIj jJI (j-a 3_c j^iac-a (R)j (jr^j it M-v 

(jl 4_i_L*_a 4_i£,ljj (Jl^>-ij 4lsL>. 4jj-ii3 CjV^_<_u ^1 JLa-"i t nLi j^^-a-ij .^jLJI 
•.(^ La£ <>j-ajj' penicillanic acid di_u^ j 1 ntl ^Ju -»_» (j ii» II (Jj>->j 

V 

Nh.Ch-CH/ ^CCCHj). 
C-N Ch.COOH 

a 
o 

. (R)j 0^-^-° Cr^ tiJLLa <>SLIj t> I 1 .1 ntl j-aj (j-uAi <U (j! Jaj»V 

J iaj] (j 1 ^ ' J J ' "*" ^-^J '^iJrP^' CjljLUall (j-a SjLU tfJUk O 1 njlj 

1 - < I ^ " ,". ^ jj^i JjjLkJI ^Llj! (j^l «^jt^" , .. , (R)j CjLcjjaJca (j-a SjL>-lj L#j 
Cj Lc j_a^5e_a JLioLj liiljj 2 aoxtaJI V (_^lll 3 ii I" -»J. I £j\ \ 1 aJuJI 

»l a I r lj_A J-«-3 JL^J ^ itjxIaJI (j-d-mJUll Sjiaj>.j^ i."i 1 njl (R) j J^ca 
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^yLuIaJI 1 1 unit 3_ajLLa Ojej-loI JL3 OuL£ (^ill 
jj j_o^£LJl I CjLlLsjiJ! (j-a L*jj_a 3J L=xJ I liilj ( _ ;r 3 Llajlii-" i nl JLflJ 

Jlj>.| chloramphenicol Jj*^ J ' J a aljj LS. II jl c I Li^aJI 4_jjl_ajSLIIj 

I j » '" -*»JJ .jyd-* nijtl j j gla Jl*j L$^l ui&\ p-l La jjLcj_<j/ (jjJI 3-JiaJ->JI \l . M I 

Ijufcj . Streptomyces venzuelae ^Ljaj-i-S juj i njLajILij" . u Cm i njLaj-Lu^^l 

. (j-d-mlxll I JJ a j"J-' * (j^^JjJI Ljj-uSj Jila) Lj^'i's jtl JLUs JLtS l_i£j_tl 

^j_u L)jLa_j£ «L>.Lu| j j i n*t1 jj_a jj-ujja ljir.il I laj i * Li_j^3 fill (jl La^ 

■"'I 'I L^aJLI J£L3 dJJj j_aj .u^Li^SLjII ^Ic: jLai£:l >Li ' LiaJI ^ 
JtJa Lg-La CjLHI C^jL^ lilj . j_aJtl)! CjLlLsjlj I LLlo pjj (_£jj>.VI 4jaj->J! 
La-ai (1963 j»Lc IjJJ^- 1-iLiiajs 59 Jj*^)3_i_aJjLll ^ C.l-r i a 

. 5_jJjLjj^jJ! 2 j^j^^ 3-*^ lS- 1 -" Jj* ^LAUs Ijjix. (ji 3 ui itjJl 

(J-La-5e-i ( _ ;r £ lj_& (_L*-3l_<-uj .3_j^_j_>JI '"«t 'I i^aJ I 1 ^j''^"' (jlSLa^M (jl VI 
<LulaJ I SjijLoIl (_>^»-j Olui (jH-II -llj-U liJJj 3jj>-j_a (ji^. 

Penicillins mUmImnmJI 

LgJ-i-i ajj . dja i ii L^i^lj Lgj-aj|j 3_ja_i_>JI .-J \l , >. 1 1 1 ^_ a I a u±&\ La Jjl ( _ ;r JtJ 
qjAIa yj j i ..I (j-a ^j^/l (jiijuj penicilium j I j ' (j-"-^ 6-° '"'^ 



{j\ \ i nlxll (j-a (J^J Uir^ 1 j«j^| 3 j-xjI! cjLjVjJI jj-Ijj . Aspergillus 

iLia-ll oljLa (jLa ^ 1 1 C p j^" i uj LaJ_t£. JLtS JU>- (j-tLuiJUl I (ji («-^JJ •( i ^ c 
. Lc (jj i<i (_JJLa-LtJLij3 VLti (jj^ Cr^' ^ih!-^^' 3^' (_gT- Ljj-JpSLjjJ 

&\ \ i nijtLi S^jjj mi Sja^p. CjI jLiia w j'a Cephalosporins ol 'jjj; • ujJI fljSUI Lai 
j»jI_2j (jH-J! Ljjj'a jtl jtuj-Lip LJLc. .j-uQll ( _ ;r a Lu-mj ^-<-ulj i^J-a L^Jj 

j uij-lLfl-tSLlI (j ii i -v. (j^a i " 'I jj La-b I j « I i a J j .(_gjl_«JI ^J-uiJLjJI 

Cephalosporium 



polypeptide antibiotics ^IAmmJI M^lyUUll 

Jjsjlj d j Mil 1^1 ar j Ljj_uSj Jixi3 SJLtS (^-Aj iBacillus group j ..I . ..Li 
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. 4_o~jL>JI ££jj>J\ ^!>Lc. ( _ ;r a I."' 1 1 «" 1 11I jJia I j" j 1 1 ■■ 3 juSJ ^ 1 n->JI ^jls LlL>.! j 
(ji 1 1 j li-J-^J gramacidin £yjj j 1 Lalj^sJI cjl.sLiiaJ.1 ajufc 3 l"i a? <j-oj 

.bacitracin (j-u-uljlj . itlj polymyxin 

Tetracycline antibiotics mLmI&miI jmnJI 

^ 3 tVa cjjl^ .broad spectrum ^jlU 3 » 1 Jj 3j_j-o. .-.I \l « a'jjt 

L^Jl <i ***< ( nl ^Llu jJlS Lb c\_La_uj-« tj"'J+" (^yjJl 3_]_}L*J1 Ljj-uSLJI L^laLu 

La LJLc (jll! 3j<pLLtl 3jj_uSLJI ^jjulII ^Ic *j Laj ■ -tl ^ s LJaVl ^ ,_L^ 

j "in \\ jJLlj . j^jj^LII ^iiljli 3j^£Lo ^ 1 - cu n cjLjJL>. O-? 1 *"^ t—iiJQj 

(Chlortetracycline & j Kj 1 ..IjIuj^K) aureomycin ^ . .ijLa^jjjVI ^1 jir"i< „l 
<_<-LaJI (Oxytetracycline (j-lLSLli . n^jl) terramycin ^ 1 njLolj^lIlj 

j^LuiuLa^jjjt (j iu 1 11 iLajpjjILiu ^ 0 i tiJ ^j^JI ^- ll**M 1 11 iLa^-Lu^VI L^Jt-Li-ajJ .^LjlII 

. ^IjpJI (^yl^. S.Rimosus . jj j Streptomyces aureofaciens 

.(j-ii-uu-JI cjLuiSLl 3_]jL5_o cjLuiSLj ^jJI L^>.Lul 

Glycoside antibiotics Mid j$£nJUI 
1 1 11 i j It (^Lltl ^g^jjJI jLiall jjtj Streptomycin & , ..jLajIuj-^/Vt ji 
actinomycete (jj, jjj^jj. gj .n . njl_ajlbj"ii » :Cjj i .ijl_aj.Lu£Vl 3jc_lu 43 1 uili^l 
3 . U tl ", ^ j^a liJJ j t "' ' 'tl (j-o S'ij 1 .1 ji^l J-^' _9-*J Streptomycic 

^jL2j Ljj-uSLJI (j-a Lcl j-ii jaJj-L^J 4jI La^ OJ"*-" ^^-^ (jr 3 4i^Lisjj 4-»q^c 

. 3J julJLI > S> 1 11 tl cjL1jj-j>. jj-* d **' 56 1 L_4_i l_ijL<i_j^ j-uwj • (j-u-ui-IiJi 

^Lijlj-3 jim 1 n \U3^jjjIL-u d * * < a *j ^T^^^^-^J-^- 1 -"^-^ *^>^ cj^J-ujLo^_j_LJ1j 
(j^s ^ t V jjfcj i«Ui>. jSLxj ^La 3 j n 1 ntl ajjui jjkj Streptomyces fradiae 
(jl^j^uj^SjJjl ( _ ;r *Iijj . JiL>J!j *Ll>i^/! ^jJLc £^Lc jaj^ 4ji L<^ «L«_a^/l 
(j_o j j*» erythromycin ^ 1 .nLa^pjjVI Lai ,3x.jju>J,I a'jJt, ^1 Novobiocin 
^jjlkJI ^!>Lc. ^ 1 imj i4cjjijJ,I * j^J Sjlxilj 3jIj^ j j 3jjL«jSLtl 3_o.Ll!I 

* O 11 J ' " ?^5~V (J " ' f ^* (1)-* ^ ^ ^ sell u L^i^ ^1 aJJb^ .(jA-Luu-JI ^jLoj ^^HJ 1 
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2 I * < ^»tl Lj-al Jtir" ( <j-U^Laj!L]jIL<_uVI 

Polyene antibiotics ( l0> mUnmJ^mJI 

(j^-aLLii! 2-jjjJs ^jL^j- 0 Streptomycetes CjIj" . ..jLajIbj" . (_>iut-> j-j-u 

CjLlLi^j'iM O-aJtir ~i nil Jlj3j Jj taAII JLiJo 3J|_»£ ' £yl I 

,i_iIaJI Lcjj A L&ji£i jjfcj nystatin (jul" i .h itl J a uJj <LjjJta2]| 
Unclassified 3jrf^N«jM« »ilf*ti» 

J 1938 ( _ ;r ^sLc (jlj 3_jj_j_>J| .-<! vl I j-yj 4jLaj <_k!I (jx. j-JjL2j Cjj^li 

j! J j t" i n U (jjsj .mJjL*III ^LLiVI 3-U.j-o (jij 54 LgJLa Jj^sj jjaj . 1963 
J-al j_«JIj . Lg-La 4jj»jjjJI Cj! jLUaX! ^1 0->J,i ( _ ;r iSLJj i Lut Lt-Lgjv L&j^jj 

. ^jLLaj-i-oJ! j_it ^j^* i jj o i^*> <■ 1 1 1 h" 4_t-£sL>. 4_j_a_At ^Ijj^Ll S^LtiaJL! 
t 3 j a i .1 II Jlj j_Ju-l_g_La i a uu£l La Jj i-actinomycin ^ i n_iLaa-l_u£^l 

I r o-jj^j-I (jH-II iiLaj^/l (j^Jj . 3j_u£ 2jl-r~ SjCiLa 4J i:. i .hIj <CUjxLaj 
SjL^dll CjLjVoJI (jjs mitomycin £j\ , i. jLajJLjLU (_p_a 3 j <i m Jjai cjL£j_a 
^LaiJI (^Jl CjjI (jILi^j i .ill jLsoVI <j-a olivomycin ■ ujI ^jAjtj^lj 

( _ ;r Aj . Lt-Lajy CjLi£j_U CjI'm i njLaj-Lu^^fl (j_a CjV^Lcu J-J-uj ■ (j^J iKVl 

O J £ ' f I ^ j LS> j »j j jj II ga o 3* ^ fl-j Laj £_a (_L>.l JLjJI (J^Li* jj_a ^J-a-t-J 
.j^sJJI ^ (oSLajjj 3_pJ| Lj}L>JI CjLjjSLa jl^.} jj*j i (ribonucleicacid RNA) 

'tjj^j ij ii aljjJSLlI I j * i a j^jJI (jj-"i i n" (_yJ-II (_£j^i-^/! 3_jj_j_>J| \l . V.1 I La| 
LaJi L)jLa_L^ cL>.Lul ^£u ^jJI Ji_o*jJl J-Aj i_£^-U l£3tP* _}LUa_a j-Aj 

jj^a j-i-I jjLj Cycloserine (j-jj-jjj 1 *C j . tl L^-Laj • <j-a Ljj-^i 

CP 6 ^ 01 J jj JJ ^ I J^ 4 -^ tj' <— ^s-jj *tl)J^I ^^-^ ^ im i n iLaaZujJL^jVI 

penicillium griseofulrum ^ a I % j-Jj->- j» j j I j i n * • : ■ -^j ij griseofulvin 
S.griseurs (jjjjj_jj^>. .jjjj ^ i u jLajIbjJL^/)MJ j-j-iil j ta a 1 1 «l * * * -**_' tiUIkSj 

JfLa oLj) LaAll 4j^sLitJJ CjLjLjJI (jlalj-ai CjI j i i a a JLua (JLtS \l ■ 1 I IjUtj 
(jjjjLJI Lai .3_cljj\J| j ^ SJlILj 3_aj3 4jj . I, I . ^tlj if- Jj| ^p^jj,! CjI u i m 
3_S_Li>JI ^ j j'a Streptococcus lactis ^ h'i^V (j^jj^jlbj" . 4j*jJjj inisin 
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j_iaLa^, L&j-jUk-i L£ Ijl 3_jaj_>JI \l I q\ (jlj_o.^/l jj^iHI ^.Uaajj 

. I 1 aj] al «-LaJI ■ La aa»j icljjjl '"'I SjjlaJ LgJ (jLfl (jjjLcJI I 1 »". . 3_jjlx_<_u 

I L^i 

JljJ^LjJLj 3 "ij\>Jl 3_aLcjJ! (^-A S_J3_lj>JI .".I si I lj .(j^LjJI J.^Atl 
La^ I ^ 1 (j£La-ij 3j43^ ^£ J ' O' - '"* -4 - 1 4_i£,l_u-£aJ! Lo*^^_u j^£Lj_aJLl 

<Lcl I ua II oJLLiI >_JJj (jr^J ■ La oL>j^£LjJJ ^Ijlieloj/Li 2 c I 1 1 a II I j •»■" 2 
jjiut jJLl (j-aj • L&jjaJajj 3_ja_L>J! '"'I 'I LaJ I jjc Q-r jll Jjj 1 u SJLjLU VI j^sl 
( _ ;r ^ (J I a »" 1 n^LJ <_ 1 ( nl_i-a jl jJLl (j-o j uiC (j5-2l (j-^ (_Li? ijl Lis. 

^^.Jjj .(J-lLuiJUII : I j I a I a u£&\ La Jjl L*.Lajv I j I ■ jjl La^ ij»L«JI i_JaJI 
(j .1 i -v 3 ir^La^-ij j "1 1 11 jLaa-L-Ll^Vl sLjai^Jj La iiJJjl£ 3 mi frjJI (^Jl 
jt a * ■!! ^jJL*,1 i3_jj_j_>JI Ol si <>>t 1 t \ I". -» ^ ^•ys q gj , \ LaaZujIL-u 1 

j'nil (^^' CjLjij'v j a II 4_uL2jjI 3_jj_a J-3aJ JlS 3j^jj>JI 1 "'I 'I 1 a 1 I ^Lij! 
(_gljjl IjUfc I Laa» (j^Ij .3jj^JI Ljj_uSLi j_a jj-hsLluj 1 jii La 11 Lj-l3 jjjJjj ^J-^' 
3_ja_pJ! '"'I 'I 1 a 1 1 (j_a ! JjI £lj-cj 2 4-*-u 

. Ljj_uSLJI (jjs Ljj!j-^>. ( _ ;r 3 j_uQiI LlsL^ jJ-jj La 

'"'I 'I ■ V. 1 1 JlLa j!j_a ^LljV CjI_j^£Ll1.I 2 c I 1 1 aaJI JL>-j ^ ji>-" 1 iU 

(o^jLa (j^LjJ! J ^ '1 II Lai ; ifLaLj ^pJI ' j al ~ j a 'I 3_ja_Lj>JI 

Jj^tHl L^ja-aJL^-"i 1 u t « 3_ijLi_jSLJ1 (( _}1 )) jj-a j^^L^. £3-^ L^ja-a JL^-**( i u 1 

^j_a ^_Lll 1 JLA jj-a 3j-_jJLt-£5 La a> VI ^^5-^ Laj ,^_ill (^j-^u ^jyJ! 4_t_L»_a 3_}La 
d 1 1 nl 1 11 CjLjjLijSLIIj CjLjj£Lii! (j-a j»l Jiiejjj/I 4l>.j_a jXu (_^J JaLiiiill 
(jjjSj JlLa ^LlS (j_a LLLIj (^rLc 4jlLal Li^jL^s JL3J .3jjL«jSLI! CjLfljIitll! (j-a 

j<u SjLa ^ Ir j»U Acetobacter j-I^Lij" j . ul t_j^£Lus ^1 jij-" . ..L ^ (j^Lui 
3__cL_L^J! Ul i.njtl J-Lul /\ ((j^aLiJt J^aAJI jJii!) LyLa^ L^>.Li:i 
Sj_ul! CjVL>JI (j-aj . lil-u^ i nIjJI a i a« ( _ ;r 3 (_gjL<ijSLII j_JuJI *!j^>-Li 
l j_a 3 I i ii 1 1 ii 3jjLij^ CjLijj£LlI.I I Jj'a C^ajir" i ul (_^<JI i_lLaX.MJ 

jj^j'n .iVlj . LicLu^s Steroids cj! Jjjjj'ii ..VI ^LljJ 3JLs- 3jjL<ijSL!I cjLiLlitiJ! 
oIjjIj L^J ergot alkaloids cj^jVI olajjJ^ L^J ^j^I SQiLoVl cluL£j 
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LiLo-l cjjl>. jlsj ojill j LaAll ! jjt, j«j>.L^jj-claviceps (j in . « . n_t 

obl^Ja^aVI I hallucinations (j^j^LgJ! i_u i ..j j-^jJI Cj^J «ui 
ergosterol Jjm; j" i .i^-j^M SjLa . (j^LJI (j_a 4Jjl_u (j-a JlJ^. 

(jSLIj .(jjijiLiJ! J i aAll ( _ ;r 3 Lylj L«£ J <ji_aLLi3 ^1 L^Jj^jxjj I j i xji ■ 
jj^o gj-a_«JI ^1jL^_j_*_ul jj- 0 <— <^>^ Ju^s jQ-i mi ifrjJI ^Jl j^_aVI ^^£,^1 

o I jUjj^ j"i i ii^U mJjLojSLJ! e-^jAll Rhizopus (jjijjijjlj cjLcjjsj*jj 

(jjiLjJ! <_i_Lc] ^. a i .I jlsj . LljIjj 3_ll_«-3 cjLjj_ojj_a ^1 L^Jj^joj sLuLjJ! 
i." i jlsj i adrenal 3_jj_LkSL! I SjJLlI Sj_JaiII Q^ajjjt j-Aj (jjj_ujj£LILi 
rheumatoid J i al a -i It ^^aj-uLo^JI i-il^'tVI ^ i alaia 3JjLo> 3_<JIjl3 

2 j M.LaU 2 j«j xLaJI ^JjlII qjz SIAUs CjLuj£_i d jlr Jjj^uJI (j£Lx-ij arthritis 
^-3 ,_£>i-V! Sji-p-jJ! 3_2jj_LaJI C-ul£ 1949 . >Llo 

. - \j a ' a 1 1 jj- 0 <a ~^^M Jlj>.1 w I c ^ L2j i ^ 4_jjLi_j^ aj!^^ 37 ^!jj>.I 

4^j_£u ( _ ;r 3 (jjIo-LJI ' a uuSl j<u ! J^>-! J^J-i 500 _o^e-i 4_La3 (jl ' . 

j_uQll 4-cSLa.i (j^ijjijj'j o' ' 952 ^Lc Sj^tiU CjLVoJ! ^ Upjhon o^^i 
LjoLj £j. • aja Progesterone ojj ~ ' " >J>-^^ i n_i i nj a i n (jj^sjjjt 
(j^-al Jl^j) da-^a 4jjLij£ Cj! jjaa. i.'i i n ( _ ;r 3 ^^j-ujjSLI! ^1 4Jj^>>j (jSLaj 
CjLlj J^>-jj diodgenin (j\ lax i "j^^ ^ i nj Jjjia (j-a UJL>"' 1 ">Jt>^^ ^^-"1 
jojJ iLi^si QJIj" ' ">X>~^^ Jj Laa-JI (jl^J kiJj^II j»Jl^)) ^Jj ^'Cj i ii*C a 

j_jjL2j tj\->J\ liJJ j J_La Cjj_jLSLjj . (■ La "*» CjLil a j> II 4 j i ni->JI JjJlI! (j-a 
3 j i h_mj 2 a i aj Neurosporal Ijj j . .ijij^-uj jir" . »1 SiSLai 

3j jJI «Li^a^L>.j jj^jL>J! (_>^a-»J £-a ^iila j La a 1 1 Cm i" i ,n : ^ Laj i o-i I jull 
CjI Jl-J^ j" t iiVI (Jj-4-1 JLjJ^ j" i hVI (- i It" i ii a mJjj^cj JLC. ■ t— i "j^ 

(jjsj Jbu 4_c.jjJ,! JjS ^sjj (<u . (L^j^Lxjjj/I dil jjj «UI (jLij jj! ^yi] 

JLjjj j" i ii I j I a C-Jojo Jl^j i3jJLjjj_ujj/V! 3jLi! ^alsej i uJj i- 1 1 iiLLa 

Cj!jlJJ_j_lLj/VI ojSij jlj .4jU! 95 4_u^/LlII CjVUJI ^ j±u 3 j i n'l JlJJl»- 
(j^aL^-V! j_La lLL! j£ 4jl3Lj L^jLS Jj^sLailj j»j_uLajjJI (j^stj-al 4jl3Lj 
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(jluuUli) CiLigjS i.nll 



J_a^/I_l j i"i i" (_j-&J i(_)ia-J->JI ( _ ;r 3 CjLlljJa-UsVI £^Lcj jlj^/l J_l3 
Lia. _aJ ^-uj^'C j alt LaLt Lilji-La lj_& OJ^i L)' lj^-*?J .jo-ill (JjjJa J n-rlt 

d^^.U-.H 

Lj^^^-ljjj-SLiXI ^jjJLI ^LjI_A I j i ' Lajq Jii-a_i (jl (j^-4- 1 (j-u_al_>J1 J i a-flil 
JLs. J^^ic: liJLLAj . JjaVl ^ic 3-uljjJI tTjLcl Li-alb JjliUJ ^ '. I ;.^tl 
I J j a ^JLy " i h"j ij»a_<JI (_gj_>>j L-LaJI CjLLLajiJI (j-a j_j£l jjlc 

,j_a I &j j ' ga j&Ijj iLiiill cuJuj jlj^s dextrans oLjlj" . n^jJLa . cjIjjj£LlU 

iZjLlUx. ^ Loj>LlLI JjI Jj£ L^aljiielj-ul (jLCa^l (^3 jV 3-a-L3 (^jtj -j< i .ill 

(_y-2j . (_gjl_«JI j*C i all jjQJLi Leuconostoc mesenteroides j j-jjj-uJjj-us 
JjarsJ (jc Jj^ i ii U jiuj-iVI L$ia QnV-r' i uJj Ljj_uSLJI Jl3 jalj (jLo.^/1 (ji-n; 
Jl i^ia^l j j i ^" jaljj .2uLjjlII (^Lc- »j Laj ■ "tl (^Jl (j^-jI lj-& jV '. i .ill 
(j1_Usjj(Jkl (jjjLiJI 4jLsj>. ( _ ;r 3 ^ Jiir" . n" ( _ ;r iJI-(<iJL<JI J i oAJI jJajl) 3 'I ■ a 1 1 
Cjl_jl^a_j_>JI (^,-3 «L_j_>JI Ljj J**'^ i II (jJL^j-(j^^Li_uJL^ i(_pa1j-al j 1 3» V 
I j * * ' aa J (jj-^-II S al LgaJ^I ^1 . n ~w^M (j-a 1 "'Ij ' ^ **''■■ rt w I c Jj ' ea >i 1 1 

4x.ljj_i-JljJll iLaj ^ lr -Vaccines cjLs-Laill j j ■ •>-" j&Ij La£ .cjLil^-pJI 

CjLjjj_SLj_U ojufc J-*^ (*-* J' 3-ja-aLa JjI A i i'r>jX\ CjLjjj^LJiI 

I jtjJLt^. (jSLx-iJ ' " 1 1 j J La II JU>.| J I (j^ - 1 ""ILi La J SjLUs J-^C- 

L^J oLi^SLiil ^1 JLa-"i 1 11L1 Li ■ all CjLaHiU (j-a Ijjj^ (jl ^-Usl ^Jl <j-aj 

I JLs-lj J^il O' L7*i 'J (l^J i^LkJoJI L^cajtJ J n <" 1 n_l La^ ^^-Ja Jl n" 1 11I 

.(jjjLiil tfjbt ^jLjtliU (jjs (j 1 -"' jl 

. - < \l r- I A ", 1 1 ill jLj>.| ^ I c J_a_«j SJlC.1 1 na J^l CjLajj_lVI (jl 

^l^_il ^j_aj>. (j_a I j - ea^l asj 1 (j£La_ij .4_j^_j_>JI 4_ijl_a_jSLI1 
^Lla amylases Cjlj^Lj-a^/l jl . \ 3 y ■■ " CjIj^SLjII Ast- , „\\ jjSo La IjJJ^J 
!j J a) 3jJ-" 4_cl_u^>j ' fl-JaJuJI JL^a ^^js ^ JLy" 1 n~j LSilll Ji-»o CjLajj_il 
(°-^i9 • (3jJ-^ =Lcl_Li^5 (_ ;r j5 4_aJLj- "1 1 11 U ui i^fl (j_a I 1S1JJI (jljjl 
Aspergillus oryzae i_£>jIjjI o " .' 1 j (j-° 5x.Lu^aJI (^ I j 1 •>-" 
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genous Bacillus Qj «\ i nL <j-ui>- (j-a Ljj_uSLJI (j-a ji (j .1 <-»JI I jjt (jji oj-^-J 
vZjLiil! ".sLa ^ j>Ijjlj ' "tl l£ fd}- 1 ^" J-*J cellulas-jVjjIj 1 ..II ^ujjlj 

^^lc 2 <~ I * < ^tl ^ Jl^-'i i uj <U (jVI (_5i>- 4JSLIj L&j-uiisj (jSLa-l CjLjtlia ^1 
^j_Ljji_LJJj_jLa (_p_a <■ i mi V 11 ^ ' A . 1 I . - 1 1 jj A II c^jL£ jjlj ijjj/lj JjLLaj 

j i a '«* Pectin (j-dSLJIj . (cjLajj-j^l i>j_& (Jia ( _ ;r l£. (_£jIjo Myrothecium 
1 1 ill cjLxjj_il 4il>>j (jl (jSLxjj i j-o-so (^j-H! (J-*^*;j 4^LiII ^jls (^yJLu^Lj^. 
Cjl_aj}_j^M ^>jLir " i .."j iSjujlc Lj^_l1S!_i I ^»JLuaj Pectinases oljl i jll 
SJIj 1 ^ 4_«_2_Li (jLlSLI! (j-l La «jj . 4^ljjjill j j i a£ d-t-iTu ( _ ;r 3 L^ia "j ■ ajej mil 

cjL±1)I (jiajjjLj (jjjLj/^/I ( _ ;r a ( _ ;r a S SjjiAS" cLlUx. <_sL<JVI f I Su" ■ ulj cjLLuSLJI 



2 " Ml £j!j_U ^jLir". in* .3_jj_0£LJ| <_iljl_Lu£ 



.(_gjLji2jJI (^rl tajjJI (J^aij Lajlj '2 c 1 1 1 all (^.a-plr i La jjja ^Ir-CjIjLLuSl 



^ jij-" i iu . CjLLuj^-JI (Jlso CjLaj^jl proteinases CjljLLu^iJ! (jl 
Jl_Lc (j-Lj?ejLjl d ^ (j-"-i^LU ' aqlaJij Jut£. (j-ujij-LlI ^-^ J ^Ijlj ^H- 1 ^ 
2_c.Li jJI (_Ll3 (jl_a-pJI J 3-L>- (j-a jt ilillj ( _ ;t j>-jL>JI ja^till j| i"i SJIjlj 
cjLtaL>. 3-IljLi ^jLluH L$j| (J-i3 jjaj . jj^alll cj! iIt" i na (j-a (j^3^Lij>JI ^l)l_9 

(j-a Ltj-Liiajo ("UJJ . sljlajjjl (jUlJI CjLaJ^ CjVL>. (^ La^ CjLaJiSLIIj j»jJI 
■ (j .1 II j 1 1 nt (j n (jjs CjLjj-LiAJI L^-t^ La-i CjLij^SLiXI < aJllse CjLjLtlll 
jj^^iJIj jj£j,L>J| ^1 ■ . ^" II j<i i „ Jjt^ej (<uj-jl j j' a InvertasejLij^jVI Lai 
(j^Llj w c I ' ' a 1 1 (J i n * II six. \'i ir> t^^S f> <X3r" i ill JL9j . 5j-uj_>JI (j_a j Lcaje * j 
S-lLulII tfjut (j^j -(>ill V^II <— il j 43Vp< Mill 4^Lu^5 ^ «Lalji=I^I i^^? 1 ^' 

.^_lj-J^/l (jyl^. ^^J^tJ >■ I I l^> (J^'S I II (jl (Jj^>« SjjVoSLilJI ' fl^ijU filCj-*_Uj ^JJ 

(jljL_LflJI jl_jj-fl_l^/l .^_lj-jl aj 5 l^ii --"j Jt-ajre T j gGVj'C ilitl Jjuj 
2JL>. (^jJI (jl J-LiJI (Jj4_=»o cL^_u_JI (ja£LjJ ((cLdJLLa i u» ^Jl j£L*_o]1 (Jjj+^tlj 

.4_uj->JI 5Jjj i ntl (j_a 

l5>^' ^j- 3 LjjLcl jJa 'Lie Li i all L^ j^jU jj£LlL I Lujjls. (ji jjujj 

4_ljji_ljjJI CjLkij£LlU j^LLa (ji JLi^QjLi j ) i ajj al »UII j_jSLajJI ^1 
t 4"i->- ir-ij 4_LLuj iLaLajjtl Ji£)j (_^<-II ^iJJLl ^jJb I JuaLc (jLcaJ^I I gjlc (_LuaJeJ (_ylll 
S(_gj ulJI ,jjii>JI ,j^ (_gjL«JI ^jla^sJi! 3_JjVI (_Lcl j Mill tfjut <■". i .ntl (jSLIj 
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(jluuUli) Olj9j.V1.nll 



jjjj pj 4-lcI LuaJI I^jJ^-u jj£L<1! 3 jUi" (^Jl <-SjLg3 31al£ 
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f. 1 j-S-J I (_£ J-J (—3 Lo j-a t j i ^LuJ, 1 i La 5 - (j-* 1 O-uJ 1 
-^JjJjJLi £jL_ulj) .(^j-iSj-a p ^ a a j ^ 4jLuuJ 

(J£^ ^jij i^LlU 1 La 3 - Qji (j-ojJ ^_^J fiLi_<_alJL) j-aVl jjl 
^j-a 3_i fiLmJ !j7 ^ «l_La_] (J£^ Lu^a-sc cJ&j-au jJ-iLs 

t_£2_j_Ua_)j (jljJl ^ i 1 c j jQ-j-uj 4^ jJj a *' 

jLLaJi^ .fib jj Tit I (2>^-4-J -ij JL?e_a j-fivC c_)L*J^LJ ,jL£^ 
i^Gj^o 4^-^Lual ^ Ijuj j-*_u£jli ^jt j^j?e_i ^LiLo udj-j^ojJl 

c-tK Bouncer j . n'tjL^ p La scjj V ^_J1 c^jlUI 
£j_Lua_« j l_Jt_uj ^ ui£ «L»_)j ^ 1 Cj 1 !i (j^-*-* 1 J-t^. j-u 1 

^JLl<3 t ^-Aj ' d 1 ' ^j^- 4 -^ iSjL^tHJJ cjLVjJI ijr 5 
a-tlal 4j^>Lj ^1 J Jl3j i^j-w r i uj gj "i i Lt^ 
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(jluuUli) CiLigjS i.nll 



3ji£^a Sjijla L^J (j^ijJ ( _ ;r lI!-tLui/^/! (j-o p j la « II jjl«J! Lul . ( _ 3 _blj j_<jijjL> 

(_g.il a 3. 2 I <i U 3j_jjj>J! i.itl II (^jj^sj ^1 cJjjo Jl3 (jr^ 4jLol^ 

. . ij\ 1 1 ii tl (_ys jjs-T JLl£. 

■ 2JI mil cJaaJ dJjl (_£jU tfl 5 ^L^SLlLLi I jut SJa^Lc. Lo : J»l i ,r,\ jlsj 

IjLfli J-«^*jJLI (jLvaj^l p^ljJ j£ , p ta sejj V (_yi!l CjLjLUJI Lc jj 

t. i ul>J| J * ' a rt (jj-^J * M T J3^a w 2 u CjLc j * ' U (j-° t— (£^LII 

jlitiJI j ^Lj-JJI j ~ j a i a llj i f I Ct < ii^UI t_! ^laJlj Sj|_,j,j_iJ| j Jj J_>Jlj 
p I . ta 1 1 LjLajj (jjij^UI ii" i nj (jLvoj^La liilj ^1 Lta^j .. pijij 

cLojJ^M CjLil ^-l>JI tiiivj 43jlL>- (_,_Li ^LmJ-lj L^jLjLajj oljlj liaAJI jj uiilj 
( _ ;r i (j a I j j j-^LLi^/lj j » i"ill CjLa^Uaj 3j->^J '"'N LaAJIj 4_uul*i ml I J 

SjjjJI 4JLi3jJI cjLolSLILa . LoLu I jlosj .cjLijj£LlLI :<_ aa i i h 

(_,_!! t_gj ui 1 1 1 ^ .I i ->JI cjLjLij Jjjo "LaLoJLlI ^Ij^lj (_gjL>J,l 3j^>-lj * LL lj 

jjjj Jjiejllj . (_gj ui j 1 1 (j ii 'it It «Laj^ I j aSI Laj pike I CjLij|j£Liil 

O^i Lga^JI ^ji ^Jj (J 1 selu pJ jl i ^ji a ***' * pj <■ i uiaJi ^ji LujJI 

^jlaJLi (J^Jeli i n a t_ti£^a 4j! . ^j^>«I ^\ • • • Oji^j '■^P* ' "'J ' ^IjlJ ' gaj»Jlj 
4jSLIj iSJj^Ja «l_Lajl J_La L-kajTi i » Oul^ 4jjjj>J| CjljjjJI (Jls dllj '. 

^ La>l_Liii2Li ^pJ!) Sj^pJl djIjjjJ! (j^s (jLvajVI Lgj^aljtXml (jill jljll 

(jl p-C.JJ .l_t£^SLII lj_fl> (-J -Lc Sj 1 11 a SLpJI JjtJO (jr^I'j -(Jj^' J i^ntl 

(^15 ^1) (J I «" i'i^U 4LL2J! cjLjLiil! (Jj^j Lojiie. t~t \ p j ■ uj (jLvoj 1 ^! 

I j~ j 1 a>l (j^>-Ij '• ^LiVlj ,_jjiitjJlj j^lll (jisjLaj j 1 uSuJIj 1 kill I j JLtlll 
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tiijjjjlg JJLajJIg i nl'ill 



>."■ i njt I j**'^ o (j! ' a i --J 1 1 jj-* 4_iSLl .(_^aj^M \1 . ^.**.a\l t d i ( n iTLi l_ol_4_i 4JuLx_a 
l_LiLa_i Jti^. dJJj (_L->-i (j-o JLa- '< < iij ^ I ; , ^tl jj^. \l , .V.aVI iLx-Uslj 

.cjLlUjlII ajjt S_^>- j-u jj5L.^j I i <ilf cj! cpcjs ijJLut (jl LLa> cjLlUjlJ! 

, U. , I ^ ^ ^ A" (J-H (1)-* (_y ^ je- i H JUj_>J! {j\ ^£ jj-*^- 1 t — ^ 0JLA <- m < 

<j-a tjV! Li£.j <_£-l9 , 2_. \l , v.aVI L^-^I^^ujj^LlI.! JLa-o ^ (jjLj/^/I t;r «i«J! 

i_tjL>. (j- 3 ^ ^'JJ^t!-'' ' 4JL9JU I -1 j' a j la I ' Lt£.J)j i£-ua^JI I JLA ^^Li^s! 2JjLx_a 

2 j ,1 1^1 ", CjI_j_Lj_«J 2_j^Lj si q m| ( _ h a_Lk_Ulj J 1 -> "i IIj 'I 1 ■ ■ * tl jjj 
4j| y .J^j (jr- 1 -" (( s ^ ulo1\ dj-laaj aJL^sIu-uj jjj^JJ • L_o* ^^HJIJ^r*-* 

, ta \l 1 j 1 ajj , ^. tl |j_<_u^/l t_cjL>JI j^e-i (J-LaAll Ijufc w ' a j la * * 1 uj 

CjLij^SLlU t_4j>Jj ( _ ; ^<JI-2_oLc el A , ^1 1-2 aj.l I a U ,", .Vlj j j , „<~tlj J^LUJI 

.(^y^J! j^lC joJLkJI £-a JjsLkIu (jr^ 'jj- 5 
-a LtlaJI I 1 "^JJ aLtlaJI I ajj iJlije-i-La iVj! 3j)L«J^ Lljjlaj w ' a J*^ ^ ' '"J 
jl «La_JL«j V! (<i^ll! 2Jj^ia £b - U A"-. I Ijl-jjLvuj! i—Sjjij Li£ 

CjLlLsjlI! Lai . sQjcjIjj 4^1 JLaj «Lalj^ . 4l>.l J) jl ^LtlaJI (^i^. CjLijj£_iil 

. 4j<-l4-! jl Cjl_ijj£Liil j aJ j 3-jj ' ^113 (j ^ a aI * ta II da-da* w ' a ^ " ' "*•"' uiXI 

j^_t-a ^_j_a^>. ^ji ^_jIj-JIj tilJLiLlI (jr\JLi-a_aJt Ijj3 jj- 0 L?e_ualj JJLuj 

^ p^lM (j-a LS-tla ^jl . Ljj-tSLJI LuJa Llaj_oj Luj-Iij a\ alajl 

( j_o U al , ^JLllj ^jI^-j-^JIj jjjjLiJ! (j_j3 SjLU jj-uLta^j ^1 ♦ ( n 
CjLj^SLo Ljj-^>. I jj ' aj * Lt£,J) . L^j_uj^Laj 4-Lfl>LtaJI ^ ♦ miJ CjI^ mi-sJI cL^_o*i 
^yjz CjLj^jJiLjJ,L) Cj^bJI L^-UJ^aJ ' w L)^-^ Lfkl_L*_<3J>.j (^ilaJI IjLA 
Cjlij^lLlj ^_till (j-* d a I" 3e rt CjL^j£Lj_4-i i _ ;? ^>> Cj^Jj i4_j_ALtaJI ^Jo 

^iLs^ ^ a ui I aj ' kaj. (jl J-La LijL>- JL3 (jL^ (_gjJ! w J ta 1 1 «Lj^ (_Jjj>.VI 
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(jluuUlg CiLigjS i.nll 



(Jlij jjSLtj i4jLSL!I 3Lc J_a j_a^/l jjjj jjj . I j J i ac 3j_a jj>.T Jju 4jaJLa 

jJiLSLlj ijjjol^ cjLjjj£LJi.! i. ilr La . LaL«j LiaT jl»J! ! jut jjx. «Lta-JjJI » 

jj_a (jL£ (jlj ijL-Us J-i-^ Lg-ftJa-«j9j i3jJ»Li j-jLSj Cj Jjn. (jl ij-iiil! V! l-^La 
2 j I i a a 4-ufcLLajM iJluL^ Ijl SjLUajM CjLjjj£LlU (j-o JjiaJ! JJ*-JJ (jl (J-CJ-sJ,! 

j_j-c ' t— j I >■ II (jj^j SJL>J! ojut (_ya u^-j ' L^jljL^sI jl>.I ( _ ;r a ~ j^" a ^jj*j 

Ij-lbj C^jLST l_a^ 'J-^^ <jJJ ^ i jl 1 " '"'Ijjj 1 4ja- i ii i ij ja^tilLa . jLUs 

^juLjjj ,i_aL£ Jls. (jJJ 0 n't *LII <j! La-£ i^r^JI tuLiJjl jl jlj j-ntl <^a 
(jLSLa jl_a-ll LjSTjj jjj . (JjIjjJI jl £t-LU ( _ ; Jx.-cLuj/L<j/i ^ a ■ aj CjI_K|j£LlLI 
J belli ( _ ;r 3 <Jliljlj liajJIj ja^til! 4ja- i n li diijuJ CjLcLj/ ^-t-^-l (^al-5 
(j_a cLj.Li.ljJ! S_jjLajSJ! CjLj-La-«JI 4j*_ujj cL^j- (j-a CjLij|j£LJ»l jjjLj 
.jJjLSLxj iJ7 ^ 4_u1 JjlII jj-aLutJI jj-a J-^l ' t-ij^tQj CjLjjj'Cj alt ^_jj^j 4(_£jj>.| 
a LtlaJ I cLu&LlaJI (jiij jjj-t£.j .(j-ajJI (j-a SjZLiJ Lja-aLa Ja-iiaJI (JlaJ 

JiT dll j£> cj j-sjj . cjL^SLlL! JiT cj jjiIs jnw^ jl 5Jjijj^ ( _ ;r a cjLcLj/ 3 jx. 

cLxALta tl (j? j'-J " ' *J • Ij-J>- jJUaJ! <Luj^ cLutLlaJ! OjL£ lil VI ^ujIjj>JI 
CjLcL_u Cj^Lj Jjlj (jj-oJl (j_a I $"'~^J ^ I ^ola . xlaX I ^tUI (j_a cUjj^_u5T ' ~ *j J a* 
i j i J_js Jj jj 4jLi Jpj jJLa iLJo ^Jx- I " ' "* "~ 1 <Lo~Lu/ L^LaJLSj 
(jl (jVI j^paj^llj jjTj-n La jj'- ^J_ujIs ' iJLajj ^ J *^ LjjJ_=»o ^^yjJI CjLjjjj^LlLI 
Cj Li jijjVjjs j 4_ijI^JI CjLj^£LJ»I kljljjj '-5>J 4jIj laLajaJI (jjs w 2 u Ljj ~n 
'"■ Loljeli i jjj ijjJLLI L-j| jl lqjlII i_Jx.I (jlj i(_fjj>.| Sj^s 4jjj Jajil i ullji i"itl 
«Lcjj_a • 3 'I i -■»* j jj Lc CjLjj|jj?LjJ»l (jl i Lj-ugJa Jju cLuljjLlI CjLjaSJ.1 jj-a 

.jjLSill ^>jijj j-jIjJI J^aiJI ^ LjkLLiaLj (^lll dJJbsT 3±aL£ Slab 

C' 1 J jj_o^a^aijJ3 Ljj_o Ljj-uSLi j^>-a ^j ui£ (jl (JlLlLI (J^J < u (jj^Lc ^j'^J a 
Jjlj -I ma 4_LaLjJI ( _ ;r j3 A \ a (jL^ LLu (jjjLill Jl>.| j»L^jl (jjs a\ *lal\ ( _ ;r 3 
-(^jjlj ^ jJa 1 1 (jl . LjjL>. LSjjILa 4jl j i ii 4jjJaJu OlXJ ^Lt-ki II (jlj t »l uulII 
4jJjjjC. Ljj_uSLJI ijjj liil j (jlr j-4j3jJ(JI (j^s JJ>-^I t_uL>JI ^ (jLiejj/ uilLifli 

^a (j^jujl j ' ♦ i hLjJI <lcLj_oJI (^jjs L^JLa (jjj uilLlA ^ 1 1 ^> I . j3l£LjJI 

(jl I "'jj < a J 3-!j -J jltl L_il_t-£l_L_La (j^jj_oJ 4jLa j j ■ eaJJ i^Lt^a 3j-*1jLjlII 
(JllLal 4jujLj a! ' - ^ )VI ^ftaj i (^j-Aj-cLc L_o (JiT 3jL>.lj 3j-a p i oajj CjL^^LlLI 

j j k tl jic ^JLl!! ^^jJI LjjjJ ^j-LoV-Lflj. ^ab (jLSLa (^a JjjlU I juk 
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JJ ty±J^\ ^-^J ''-^Pj * » ^£ Ljj-uSLJI j_a i— a] t 4j1 a" i ii 

4jjL«_i£ Cj^LcLaj (JluL^ jl_J 1 4 la 5e U I tfJUk (j"^* ■!*■! . J 1- * .'J 1 " ^-iSUj La Lcjj 
lJ £ jajla 2-jLa CjLi^£_iil JJLc £\n jl e-t^cj) . 4-i3 CjJLr>o 4jL£L)! ^Ir 4j£.Lj 
(jlsLajs-Vl (J^jcjj jl ( jLuill tfjl i n'q j j laj (_yi>- A L«JaJ I j-a Jo-lj aIj^j- (J^ 
a i n"t jlj-a w ll-ol jlj JajJI j ja^till ^5 CjLLujj-jJI CjLijSLa ^^^j-4-iJLLaVI 
(jlaj-iilj .CjLijj£Lii! jjiII 4j*_uj Lcjj 4_aL-u CjLaHlaj Ptomaines CjLLusalLJI 
Cj^jClS . sljJtU jj-iJI ( _ ;r 3 al «jaJI jj- i n" La-ilj I'm i"i Ja 3. ^ J V 4-uiLtaJI jl 

SJi^Lii j_a lSAW ~l » t» tl ^^.a cjI-LusjIUJ! (JIajj cjLkij£LJJ 

t_j!jJajJaVI I JLA (jSLIj ^LtlaJ! JjLuj jjs Jiic p i^a^ll t^ij-taj aj JlS^ ".CjVLaloJ 
j_a J-jj-a jjj (j' 1 -^' Cr^ Ji*"'^ (J 1 "" 1 *. 1 J^^' "-^^ ^ J' ^* O^J-" 

j^a_a^/1 j_a <i-)J^fc-l t_£J-J! JLaHjLJfl . Sj-LLs 1*m mi Ja 3* ^ 1 V J19 t jm LcaJI 

j>3 i_uLtcj A la^a. p-i <Lla^> >Lul a btlaj I ^-J-^ (jr^ J^l^l (jr^ 

d « JL*J ljL>.lj Laaj LaLa_l Lla_aLa (Jlaj _L3a t 4_LJ Jju LaLa_l LaLt_u ^ 1 

aLkJI Ja-flja. Ijl IJljI (j^i^g^jljri" < n Ljj-uSLi jjjJj Vj . SjijLi 3j!jj>. ( _ ;r 3 

j-«_i3 Jl£ ((jjLU! (J-i^jJI jJajl) Sj^j-JJ 2u>Jt! Ljj-l&JI jl VI .is-MiUI 

• au? i_LC Jj)^ «" i ii \ IjLA ^S-i J 5jUJL>. CjLLlaoHj i ,^ . , ^" a ^U,i 
LxjIj id ijV i n" LuJ a LtlaJ I jSLj pj jJ CjJLkj (jL^ La (jV! jj i aj 

4^.j^>. I giSI jl i ii j I LxjI J-IjjJ jl j^jjil jL^ -SjijLi I giSI jlj-J 3j_Jaji/ jL^ 
( _^ajjLLl fiLUsj-a-a Ljj-uSLJI t i I lj CluL^ j] Jj-fljl llilj « «Lj_>JI Ljj-uSLJI j_a fluj$ 
L^j CjJLjo (jjJI *LlAjSLJ! (jt&i liJJj . « Lt^Vlj jojJI ( _ ;r 3 4jax.j_a ,_JjJl«J jLcujVI 
(jj-=tj 4_L^Ja (3J-i.il ^LoJa t^l jiJI p a i n~t l v^jVL>. i_JLL I 
I i ajl O-a-i Lajlj limits ^ i i i_i La-a J^l jLtaAJI 4jJI ^jLtuj pjj jJI 
j-tb lj_Aj j^ijAaj *L_ljI 4_Ijlj_j jL_ujl j-a 4_jJ! cJLZul 4_uaj-a_a Ljj-uSLi 
j^ljJI ^ (^jkj .53_*L>JI 3-ajLLVl (^Jl SJa^UJI jljll 4^Ldsl fjjz (.ijmtl 
. CjLi^^SLlII 4_LjLc JLcaj LjJi£Llj i JLa-a j_utj jLcujVI L^J i " ' I j j la a 

Sj_aL>JI d ntUVI jc ii" i .ii jl jl_o-^/l jjs Iji^V i"i J Lta^? (jjlj 

.4j^jjl 5JI i ,ia dili jSL!j JLajd^VI 4jtjLAJI 5Ja^L>JI jljll JjitsJ j-a VjU 
jLCaVI ^ (j-u-Jj JLaJtli-uVI 4jtjLi/ 4jjLa-iSLII SJa^UJI jll OuL^ I jl j 
a I itlaJI ■ Lj J j j i ii 4^.Lla 3_i_1_lL2j Sj_u^ CjLiiaX. i-dLut jLs I uil >■ i 
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da-j-se-j (J-iJ!) l^J_iJL=xJ I a 1 3. ( _ ;r 3 aI «JaJI £-2-Li (J-lL-cjJLs . Cj Li jj£LlL I (j-o 
4 j I x "1 1 1 (j! Li£ .CjLjjj£LlL! LjLq sej" (jl (j_o 4" i<ij^u>. (Jjt^c-i a! «-LaJI 

j_A Lj^ j "i *C j 1 1 (j-a JjlaJ! (jV CjLjj-JoJIj ^j-tl (^yi Li£ I 1 eajl JaAa«" 
U", , a ( j_i«J!j "j_ua->JI La I . 3_j^_2jl j*C 1 nil (J-JLx-a ( _ ;r 3 g-jla"; ' 

^iLilIlj aI «JaJI (Jjl-u (jL-ujI (_g I j£Lij V li^jjaj ^ojIs^JI (jjs (j_9^J 'ijLa 

jj^JLjJ! LjJ-uSLl <■ <lr I j^tC jjj^G- J-*U-JtJ Li) a I n llj ^tUI ' la ^3 
A ( iiL^O-lII CjljjJ ^ - lL o T JI (JjLj_u (j-^-J * *^5"*" ' ^1X1 ^-O-lJI 

mirrnnrnigj '^J^Jj'j^ *J ' M "^J^J^^J " (j 1 1 "J L'JL>^J" uj' a ^J.' V J ' J 

.Nitrite ojjjj-JI ^ n 1 ."i SJkaLs. "jLa ^1 cjljllill J^kjj >«-y denitrificans 
^j-J»J j-_iit£Lj LUsj-jlj j-aj>.i Li^j-a ^tlll (^G^j-j £_o "_}Ltl aJJt £_Lt-ajj 

<_ < < 1 n i j-jj-L>JI («->Jj . cured « L>JL«-a» jo^ti!! ^ n 1 ujg 3_j.jL«JI cjIj^SLJ,! 
"oLq a) ^ -rill ^^L«J cjl_ijij£Liil jjjJj (jl Loj^ (j-ujJj .«jLa iL>Jmi 4ol t* 

aj |Jj-LtgJl OjjUjj (Jl a ***u nl jL9j («LiLiu_a j-jjLj l_$J aj Oj-i^aJI OjjILu 

(2) * 

La LJLc. (jSLIj) 2 a j a 3 1 „ (j^s LjJ U, IjJii _>}LJI i. ,lr I ^ Q^jLail 

Ij AJJ 'J ■ ^ II OujILu (jLvujVI 3_JJJ I. 1 J 1 nil Jjt (\j iSLtflJjZjjl *_' ' 

-1 a£ (jjt I j] CjLj.L>-3 ^ 3Jaj^>J.I j 3 jUU 3^jJaVl l\ , n'q JL3 
Desulfotomaculum j '^J^JJ Tj' 1 f 1 -' ^r!^- 0 j-^^ ■ ' ^Li^£_La jj-uj J-£*i 
I j_a Lj^Li- (ji 1_«^ 3-Ljj-taJI 3_jjIj^»JI 3jJL«Ji.I ajL2j j<ujIjj>. nigrificans 

.4jj_2JI j K 1 11 II (J_jJLx_a £ ^^- c - J 3 * L - L ^ J-*-2 O' ^jl^" 1 ""' t_JJj£LJll 
Jl_lILjj-_a^ jl-^ ^ * Lg_Jl cflt-L Jv - i. ,j 1 <"i ILi LoLa-i c_o*jJj (jr^J 
(J-L^aJI j-lajl) Cjbjj j'sll SJj^itA Ljj_uSLj Ljjl jl 3^ej|jJI «Uj^ (ju>-j|jJjVI 

3 j 1 < U 3 0 . USJI ^| , ,1 'a, ^ ^5-iJI I 3jn in* ^ ^ i'n\ j i-ijinll j . ((jjlill 
(j;^^ 1 11 ^-Aj-m-uV^X! (j^ir 1 n" ^JJ^ . ^ ^(((^^Ij^jSLII (j^ll »> (c_ tistXI 3j jJI (Jii- 0 ) 
cL2_3jG J ^ . .. j (^yis- d * J ' ' J-i^ ^j'j^ 5 " C ^ - J- S Cr'i'JJ^" 0 

. J Ljj_l1SLi Ljj-lISLlJI <_ ilr I Ji2J I J^>- jjJ-i^. j-LpJ 

4 i t a Ljj-_lI1SL) L^jl gj^j ill aJJb ^£ I JL>. Luia 1 3-4-1 jJSLuajj^?t_u 
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t. ■ i < 11*1 (jl . j *C t t t 11 4_cl_Lt-£3 ijr i3 ^jl.} ^Lcjl jjanj * L)"'''"""^ 

("''' j" 1 .! b jl C , ,.j ^ j_i Jlj^ ** i ii ^-i^ (Jii-a V ^j-j>.t CjI_ijij£Lus 

CjjLalja t 3 jUtl "LudiVI CjljLc. JljJjj Chlostridium thermosaccharolycum 
Chlostridium jtviJj-jj^j ^jj Jb;"i 1 115K <j£LJj-i_JL«J! ^a jii^. L*jaj_ia IjjjLj 
LiLo.1 j^Iajj ijj^-k^' L^-uSLJ! aj * jU^i botulinum 

3j_a Jjl i_!jj£LlLI I jufc LlSjL^s JlSj . jJ^ 2 La j aaJU jl 3_jJLsJ. 1 ^^till 
jj_a «LajJj (_gjJI 1 nCitl (jSLIj i43l jj LjiJ-a (j-"jJ .cJljJ! J l Atl 

t_!j_r»JI ( _ ;r 3 1 11^ 4-al JL*t"L<j/! a « j 1 1 ^j-J^I ' " 3-3 JjJti I -ll j-tl J-Jl/I 

-LJLc. JjLa jjtj-botulism ^j_Jj_u^jJI <_p=>j-o '-. '.' 1 "".'J -(^-i^J-ljT^' 

SjLc j-Aj .dJJj j^c-jj (j^_>Jlj j j-sJl^ 3 qtU^I ■ ajjj mould i(j .tlj 

j J C L$_ilj-*L>.I ^_*Li < ' A Lb jj-oiLo^j-aj-ol «Lc^_4J?e-a jj-* A*li a 

^.a c-jj j -»JI oj-^ c*- 3 <— il ^-IL_i 3 K ui U i>j-* J^. (j-«SLjj .L-sLijJI 31o^ 

fit! * i^j^j I ^jjj (*^>. j/i*n^j<* ^jA«iij^.«w-,^-^t^i*iU£i 0 c-^rt/">if* , ,. a 

(jjJLLj j 1 11I (j-o-cj .(jj_ij^Lll j j 1 .1^1 (j-o 'j-f^ I ^ 1 11 A i" dLiiil 
j uia J^L>. j-^j i(2>j>.ljjJLi jLUs Aspergillus fumigatus (j^Ls-La^-ia 

j^jJulj Sj-jJLt-aJI ^_jjlj-oJ| ' '^'^^ a ijr L>.l jJI ^ja 1 all (J^, ^_u1j^>> ^"j-Lia ( _^ia_j_JI 

^£ ^Lu>J! (^plJJ L_£U_1 ^^ji^. ^j^JjLSJI (JLjJlJ! <■ M . I g I '■ **^ JU£, 3j^Jj 

3 . ^»1 1 jjjUII (jiuj ' iilij >lj^>- (j-o pseudo- tuberculosis (jjjj I . ..'tj^ 

(jLa£,"i/l dni iu (_g jJI ' M'tl jj| ^J| jjjs 3JL>. CjI m 1 11 <i -sJI ( _ ;r 3 Cjjj-J J^Sj 

aspergillus (j^^ia q < "' >:; * a .^Ijij 1 ..tl J^iJ! ^LjjLj (JIjiIj Liaa 

^_H_Li ilj_A t^jJLse * LojL-t£,j ^Jj , ^. >, 1 1 ^j-o ^_*3j>o La-jj>.| jj-^- ^-Aj-flavus 

i_al u~i^\ j<u ji^j . aflatoxins cj! ij . n < Cj3^La , yi ^ ^ . .1" 3_aL-u jjj jj juJI (Ji-I J 

' aXLi jjJ_iJI (j-o 4 rj_c LtaJ I (J^>.IjJlJI JJ '^1 LajJ^. Sj_a Jjl jljll tfJLA 

cj! m 1 ii g Cj3^La'^l Sjji^ oijj Lojiic pjk"* Jia- (_,J1 ^LcjjVI JjIjj • jljSLII 

CjLc j^jj^a Ltji^>.j Cuj Ld^ i(jl ^pJlj (jLcaj'^l (jLUj_<jJI ill Jls-I (ji^. 
(jl ^s-C.JJ • ^1-!<-o ^1 Jij 1 11 tl (_J_5-oJ| JLij^ (j-jl 1 iuVI 1 <l\l j". . .."'vl t SLl^JiI al «JaJI 
SjLa (JLii>.l (jl^ j_AjJI cr^>- (j^l J-*i3 5 j Laj i ■■ II O-so (jVI i_i3jJll 
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JUill (jSLa-ij . (jLvojl (J^ (_£jJ i_SaJl_a CjLkij£LlU 4J3L.ua-] el qjtlaVI 1 aljj 
C. j < t JL9 *j 1 e3 1 1 o b t ^g^x XI (J^ ^3 I g * d 0 3jL>o £j_aj>. (jL- 

^jj^LJil ' kill I i_aL2jl jl j_o-G ^1 <_a jl>. jl ^juI^j-cjLlLi^. 

. Lgjlc e-JjuJ! (JjL-ujj ^ilLa 1 'I a 1 nil J-JJJJ *C i"i a ( _ ;r 3 . CjLaHil! 

cL*^l£Laj p j a 1 J) 1 »*n 4_iJ^,^/1 4_o*^a-u j)j£Li_a ijr 3 4j_aL^ Lo*aJaj£[j Cil uij JUz3 

V ^_J_U3^ILJ1 (J J I ( U (jj^ (J_U_aL>J1 , ^Atlj . ^. A 1 1 IjUfc ^£ LaLlIJ-Us (jjO-H 

^LalL&VI ^1 ^^.slj . ujLjSD! ^Jj 1 £l3 ,j-a J < J^^lr dJJi 3 Llqj La£ di! jb 
jljj.1 j-;^. lS>*-' -^'j- 0 Ct^- l — 'W_1>^t!-*^ f^'^ 1 ^' J-f^^' Cr'i J-i^*-" O' O^' 
. (jLvujVlj Cj Li jjj^LjJi I d J ' ajaeJoJI LcjjJaj tj^' £ L»jIjJl)I 
S (j I gale Laj Ji^j-^iiLa cLv^Lill 4j jus-i-^j jus-^/l <jjs L>-jlj <-^lj 

(jl jut S J^X^A C^U (jljjijjlj i rrii 1 nil (j-i«JI «Ljl£ I'.t^-^V Jjt jl 

(jl (jLjLjyi LjJ J-Sjoj jljll < aJjJJ jojvL^j CjLi^£_Ji,l (jlc 0^-° 

dlli i I c j ' (j —j sej (j-doXI ^jj I a '"'j "'•*'- 1 (j * »1 ^alj-llj 2 tj ^. ^ d -^.j '.' J 1 *"' 
- jdj>JLa . CjLijij^LjA,! ^jj*^J 5-a j LLa j 1" <" La-g-La ( _ ;r 3 4_uj/L-uVI SjLil (jL 
cLaj>.L^j La-iij i ClJ Li^j^LjJL 1 4 nt itij^a 3_ajL2_a j j-3jL>J! J^LJI ( _ ;r 3 (_^i>- 

J^LaAj 5-aJLi>-" 1 n U d i 1 n-»J.I J^l ^J>Jlj CjLjLtjJI (jSLIj . (j! JLJjJIj CjIj uuJI 
( _ ;r lJI ( _ ;r jt slx-tbj \ Q a >Lg-3 (jl (j-SLaj d i j 1 .1 jijJI 

^o-a—Ll! JLslj L^_lSLIj JlL>J1 (jj-le. ^a-a-(3 (J^* (jLoe.VI L^-aJL^-"l i nl 

.^jjulII sLvj Llui^ d K 1% (Jjljoj jlLsJI , „ J^Ljj t Pigments Lc. 1 1 

4 1 j 1 11 (j n j I (j!jJlj>J! ' ^ 1 all (j n j-v j-«_l3 i_dJj£a 

(jV (j-SUj ^ 1 ■■ fl ' (jjiajsJI JLa-" t nl . .." (jLi£.VI i>JUk (jl jjsljJ! 

1 ZlS-uJIj (jlj JL>JI (jj-le. 4JLl^11 5-aJL^-**i uiXI gLL iJ tt- t JIj (^J^^ (J-Laj^ T jl (J_al 
Cjlji-Lj-a J^. jjSLjjJI .jl j-a 1. ilr I (_gaoJOj ■ I fljlr ^jJuj (jl (jLa^.^U (j^f 
(jL£ S^^l^jJI ^jLb i."m 1 II (ja^-i cj^>- (j^Jj i(jLlc2(l ^-a_J £_La_i ^> 4_uj)j£Lj_a 
J^jJ J 1 '^ w 1>^t!-''' I ^4^' 'j-^?^- 0 j' «■ Li-Jj-It liujo- (jj^i 

jo_ljIj^>- Lg-j-x-m (jl *C 1 .1 1 I ^LcjVI j-j^I ■ j 1 nl (_^JI ^ollj (j^ a£ VI jJijla 
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. >LjLa Lajjj 3jL>JI jJaLlII tjLa^Vl <_ i j i h" o^-*?J .3jjUI (jLacVl 
5j-^ja.>t 1 4_ljl_«JI '"«! 2 • La llj 4_ljc_ljIjJI jljljj CjLiL&jJ! ^j<>-v 
pu-LLj >j J ' "I <j-ac (j) l -£jJ->d>\_9 .(j Lac VI ja£.j3 jlj^ (jr^- c ^Wj-^" 
I o itjxj Jtic tjlj-ujlj A.glaucus ,jjj^jL>. . i j Aspergillus restictus q-^j" ' "jj 
4jjliiJI 4jIL«JI t_jj^>JI «.IJj! jIjII ajut oril"? jlsj i^Lj-jJI jljjs^LiiLi 

^_La_m w I c ^ 2 j 3j el 2xLaS jjjJJLi L&j^cij Cjljlikillj Cjlj-usLdl CjLj/JLc 

t. < uiifcll CjLjj»La_a]l jlJ-C 4-i-i-uiJ (j I La j^JLa cLIjJlJ i_Sa_<-u «Uj-La ijr 3 

-4-lLju JL3 ^pJI ^1 .lloVI V-2JUJI <>jL* 4 miji_i uijJI J .(_«£. LLaj L-ajJLCj 
(_yj.ll Cjl_jj_La_aJI (jjs JljJlkJI lLILL&j . CjLijj^LlU I gale jjjJj (_yj-ll S-lLU jj* 
^j|j-*Io 4 i ujJ ^jyoll 4 1> Lg3.ll '"'^ La all J/U L^aLstj*. t (^^3 ^jljlu <■ < ul>JI (j-aju 
Loj 3 U al , „-. 1 1 iSi^.V| ^Icj cIjIjUlII ^ jl ui'iVI Laljj ^ylllj (ftJeill 

( jj_LajJI j U Atlj cjLLjLSLII i>j^J 3_jj_«jJI ^l i n-vVLi Lo VI jjlj_JaJI « jl& 
myrothecium LjjL^jij__l3 ^LSL-Ljjj_jLa ^ , <_SjjjlAI JoLiiill (jp^ J- 5 ^' 
<_ i i^i ^l oljLaj ^jjuoj .sbijiilj^. LLo. VI tjjj V i__;jJlj Verrucaria 
j_L3 jL3 <j-aj-!l <j-o 3 I ii » U cjLjjJ^AJI (j^s Creosote cjjj^jj^LlI JfLa 

,_3j>c 2 pj . LaL>. i. . i'Ii-sJI JaAsej (jl jj* Lis- j-^-Ll!! ^^L«JI (jSLIj i(ji_Lm 

J_Li (jr-^*" ^-i5^ i J-" Lb.sLaj jJ LjjijJs ' a-ui ■ iul\ ^jjs 5-aJLa-"i i nU l. ultaJI 

i sLj^-^Jj^LjJ I LL«J I S-lLcl LaLt ljJ-5 3-al J14II CjLijj£LJiI t_tj>Jj 

^jls cLa_i« j_ ujjiseU 4 U '"'Ijj LaAll (jl La^ 1 J 1 a all I JLA ^l-V (jr^ ^'j 
.3 j -vjjjj ill SjJjJI ^1 <_ . uijJI Ja^>.jll Qajj£LII J-^JJ ^V SjLjiaiaJI 
OJLA lJr £ I 1 eaj] IjJJ Ljj_uSLJI i_tj>Jjj , d A h" j I . aj] j_3J>" '"'IjJ taAll jujvL^jj 
j ,„<"> -Cellulolytic ^ a U^-JjJ j j I j .. . II 3JLUJ.I L^Og-JI ^1 .SJUJI 
3Ja_u qj 3_ujtj (jlaLi^.i ^yJI 3_uLll| 3jUI j 3j>" J <■ i-uiaJI ^ j>ljjlj ' "H 
(^1 ^Lljo Cjl_jj_La_aJI O-iL^ \Xj ■ LgJI a «" 1 nl ^jji-VI CjLjjj^LJII . .." 

Lxjs JJ^I LijjjSLJLi (JLalu <L2j Jl>JI CjLjLaj (j-o 4_aa£ (jl J->>J j-«-i3 * 1^-11 
,j_o jLsjJI 3-aj£ jj^s (_,!». I all *>>JI (jj^jjj lOLjikaJL (JLcjj 
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a^L^I jjI^I ( u . i ,Ut l jliJt) (jllJLI j Q^ili,,,!! aim I bj-pSJI 

CjLaj^ (jl (J_aJL>J,l (j-aj • (j^-^l "ill J 1 a all ( _ ;r 3 Lulj L«£ sLlL«jl!1 ( _ ;r 3 

4_ljj_ij^L1I <_i-S ^c_JI I jut ^Ir c^jjSi (j »jjUtl ^1 ^ 1 nil 3JjLa 

I < iU Jj^sj V JLr»Jl (_f j" 1 11 a (jl^-cLilajiJI J . 4jL^JJI ( _ ;r 3 pie-ill C^jj^j 
I J_& (jl^ (j2o--.il a 1 utl 4_aa£ (j^Jj • _P peat p j ui j 1 1 (jjaSij 4L>.j_a 

(jL^ijV! *^jt^". 1 ..j^ i 1 j-u^ LcLojjI L^jj1jj>. (jl a ' a ^ (^jjj-tiX! 

I r 3jlj_>JI 5_jj>JU Lj^ 1 \ I j_u£L!l j I uujVI jjS 1— u 1 .ill p j flj (jl jjj_t£. 
I j 1 aj I *Lul Cj b ji^^LJi. I L&jJaj (jhJI 3 al Utl ( ^ j0 «jo. j I La u) t_£aSLJI I jb» 
jl (;_gj_>>J LaJ_Lc 3jIj^>JLi OcjIj Lil (j 11 La^ LaLa-l Sjljo- 4jjjS (jl^ 
(jjLLaj iiJtJO (jjJI ^ j'j 'I^H j-*itlll ' "'I jl -1 C *Lul LjjjSLJI aJJt jJblj2 

jlj_U ^JLa-"i 1 11" I 1 aj ! Lufc (j-Aj t^l ' i-a V I (J1><J (jl ^WjD^r!^' , 

(j " .1 >J jJLsJI 3JLo- (j-3 La^ I j ■ aj 3JL-i^aJI j>jL5c~iiM~ La-a ji£l SLaLUall 

(jl"<tl jju 3 3 n uJI jljJll j Oleic acid dJLJjVl 0 ~ -1 ->'a .(jljjL>JI 

jJsa .^1 j i^i^l 5LcI_u^> 3U**mU 4jail,l jljll ^ Sj^SLl a, jir* 1 n" 

cLi^Litjj L*jj_<j/ ^1 j ir^iVI i_alluj jljll i>JLA oLjj LaAllj Ljj_uSLjJI po-L^j 

jjjiVI (j-aj .3_lUjJI SlaljJI Jl^v>U ^1 j SjL>JI (jloliil 

djl_t^j_a (jf-tiljj^ Lkj£,jLj jl (jl ui'tMJ jL>- ^J-4K I J14I S^uUJI iLi^jJaJI 
^1 i i^>^1 a • ) (j_5 4jaJLa jl^i^ CjLLu^tjJI (j^>- 3-a JL^-"i 1 u a CaIIq ^t_ujjJI 
(jjil_L>- 1 (jJI 4-LaTi-LU 4_ul JlxII (jLo^. VI (j_a jjj^ ' "£3 • o'j^?^' 'j 

j_ujjj| jLc. (jJI j_ujjJI (Jjyso ^ Jjlj ' " tjj MllCOr jj^a^usj (j iiIIj-vj-j^uI JiLa 
La^ ^3-^ ^— '^rHJJ^^ CjI i 1 (<t (jjj>.VI _}l ^JLl (ji^. ^a_u LaJLt^, 
jLc. (ji^- i^jIlieJ «l jj* I j-mi U (jjiLJI (jV CjLj^j OJJLs- Jl^J . 4jL»U j»L<-u 4j| 
SLaj iTil-r 1 11 jjsj . SJj^Ja 'Ltlaj Sj^3 <L2jjJaJI i>J^J JjUl j^ujjJI 

. 193 1 j»Lc l>li=ol j_y3 g^jlll I j-* Cy> 

(jja l-ijJ>-a Lcjj (jl j^l ^Jl (jSLIj 1 1 jj 1 11 1 «QjIj S jLa JoLloJll Jjlj La SjLcj 

I jjjjjk (jjs LaRivierej-ujjjV jjj^jJI ^jJajl jJsj . sLa^.L^j '"'l~j • -jl aj^LpSal 

^jlj-a» 5_)llLa_j (j_A pJLjtJI ^L^t_il ^ujj>. djUl Utl (J^ijL>JJj (Jj^sl^iJI (jl 
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. (jL£La ^3 JL>. (_£J-11 i ii t j-° ^-^J-*- 5 £^3-^ l^-#-l « 4_u Lt-ajv I 

(jj^Lj (_gj.II (jj nCQUl) d ■ u-aj Polymer j_«_<J^J I <jjlSLII Ijufc /ajj-L^jj 
4_Lil_i_o^_j Ja 1 IaJL I L$_) (J^Lxj ^jl jj^Ls-i 4_j_)Lj 4_ajjJa i_dl_LA (j^-Jj Ja UaJl I 
J-j-S l-l^z-i (j-it-i-jJaJI Ja I taj, I (jl 4JL<jL>. Jl*1*jj iCjLj^S-Ji! 

~ j i aJ LoJ_t£.j . JaLtall ^1 Ojj-jSL!! isLual 4j^SjJ! (jg, J" i h"j . 4JI ntl 1 11I 

j-il j j 1 11 Si (j 11 llj 1 "Li>.u oj^jSLLI 3juji£j1I Ljj_uSLJ! ^La ^IzLlo JaLLal! 
^1 iU^eji iOjjjSLII ! jut <— a 1 1 ii-t. t;r L. jjiJj thiobacillus thio-oxidans 

CjJLs- JLSj . 4-j ■ La • "j J SjLa 4jIj JaliaJkl 1 --II IjUfc jaJvL^j-Ld-ujj-jSLJI 
4_usjJi]l £,'«IMI Sj|j| ^ jaJaljitil jJL I alj SLulSJI 4-JLL*JI cJj^JI <-Lo! 
jlj-t-aV! <■ iwn i^jLxjL) ^_Jalj->J1 aJJt c_a_Lar»o ^^IjlII (jl^J • «. u-uJI 1 JUjJ 
4jl£ jJijj (_gjJI (' aoiLalJI) JjsjlII I j-4> tjlc i—ujjCUl Sjl-ll (Jj^ (j-o JLjJ uJI 
Jj^jI jjill 1 ajj ^1 dol cL^jLJux CjVLs- 1." ■ n 1 <aj JLSj . 4^Li!l Ci^Lu.a alll (j-a 
Ja-ujjj . ,_£jj>.^I jljllj 4^1 jjLII - la aa. CjL>.L>.j (j^M (*^*"-' 2_.UI Ul I 

Oj-ujJj . dJLuj^jSLII a 0 a* jj^^- 1 I j*^ CjVL>J1 JlLa ijr 3 JaLIaXI < ajj 
1 'II 1 .1" thiobacilli j .1 1 . "Lj^-u Ljj_uSLi Lgj^ 1 3 >l caj ^^1 Sji-o-jJI 3jJJ ojut 
. lLLujj-oSLJ 1 a 0 3* jjJ^-J (jr^- L#JJ^-a-J 4j?e_uj Loljufc ISa 1 1 n 
jl chlorinated jj K II JaUaJ.1) 0 cl LJa LaVI JaLLaJ.1 £jj-il a » JJ 
qj-ijSjjJ j^tl CjIj_4jJ^j) 1 £j j" 1 n^LJI jlj^i (jiutjj (Silicones oLjj'Cjlj , ntl 
J Co 3_«_i_La j«_L«j Ls_^a (flourinated hydrocarbon polymers 3jj_LaJ.I 
(j-Lc ljj^>-j_a j«J (^jdl Polythene qO_Jj_JI q] (jiutjllj .oLijij^LjII 

cUaj>.L^j Qj-aJI I JLA (jja j-o-VI ^-Jj-Jl ^jLj-uj^M 4_»_u-aj ^jl ^J^lS jj-* i^y^S^^ 
i^c-*-uL>> ^J's i"i 1 4_a_jJL>Jt aJJb CjLuI JU^j . Ljj-uSLJIj Cj1**m i h iLa^-Lu^l 

^1 Jl^-**i i ul ( 2>^ a — - 0**" l_3^j_o ^jL-uj^/l c_t^tjuj . Ja_a£ dl m**i i ntl ^Jjlji 

Lajujujj j<u Polypropylene (> I j .' jl>^b S^^' 

c^uLj^l J^tj (j-o ' 'jji^ cil ij" i nil j cj! Mini -»JI (J^Li- j-^j^ J^-vW ^i>^' 

jni i q\ {jfS <_ i j 1 11 II (J-«-!j ■ (jl 1 11 i^l <l t i 1^ Jlj-A (j^jJj^Ilj 

^jU" , ,," a_Lu La-cS L^ji j-At j" ' 4_i 1 1 n 1 2tj j • 11J Lg-maJ '""^j^ CjLjj^SLiXI 
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CjLi^jj£j|j JLi^JI 3 J 1 ii^l jJLflJ (jyill ''J-^- 0 -'''-^,? CjLjjJajJIj Ljj_uSLJI (j^Jj 
Ljj_u£_lJ! (jjs (JjiaL>J! J 1 aAJI ( _ ;r a LiLiLa Jl3j . Liiajl 2_aj^jt_a JaAllI ( _ ;r a 
Jajii!l olj^jj^jijJLi^JI j»! jitjjj/! (ji^- SjjLill 3j_lo->JIj tjl"'J ill 3 J 1 n^jll 
Jlj>.^jj » La 11 Cj I_Llj jj_jJ J 1^ i« j<l '^"i^ J La-aJI dJJi ( _ r a Cjj^Iij 

Ml" ^1—1 J 1 Till 4jr 5 * ij 1 n**(tl J^LlA (J^>* l_A_i^>.J (JJ iJLtl I ^ JLa-**( ( ill jL3j 

2_jjIL>J,l <Jj^ILl1I CjL^tHJLa iJJ JI ' aj La jJt£. ^Lcjl j ) ' a rt ■ t aj ^^j-Aj • da-AIll 

^LU £-L2JI I jut ( _ ;r JuL»o (jSLxj . «LU (jjs 2 S j La SjLc I La j^>-jj 

■ La a III CjLo-LJu (jLa j^taJI ijjs LjjjJa (jjj^tlll ^Oj" 1 it a (jjSLj La . S jL«JI 

j^t-JI *Lx-i Lula iMI ^^Lajj>. Q^SLjj '^j" i nU Jjja^JI iW\ (_^J-II 

i«L2jjJaJI 0 (JiAI (_p3jj(lu ^>La jl»_JI 3jlx«_JI cjLcjijjjjiII Lai .« juJI 

4^tjj -ij-J-i LaJUX. cLalLaj jqj <=. LX1 L-u^ o I a lj*^a 1 uJU jJjjUjJI j^^J 

.j_=t-JI I jluli (jK (^o. i H U ^La ^ 3 j-*^II <jJI *UI 
jLLc d-^Li^j ,UI tjuk 

CjLi^S-lII i> JLA (jl (j-l^. Jlj^QII j«-$-U (j-oj • (J_i>^' <-^J <>L ^£} Jj-aLill ^eJa i all 
j-jjLflj O-jIj J-^j) (ji-"J>-f^-" J' iJjlH-^" i Li li i 1 1 V fUl jjilj 
5JI i iiLI I jut (jjSi V it-A'.tl Ljjj-^Jjj^j f_y£ CjLijj^-lLI jj^. 2 . ^ . ^ seli " 2jnlr 
j(jLi" CjLi^j£LlLI (ji . JLi^LlII JLi£.l cr^- "t^J ^I-^J • S^Ualj 

^aJI ' klUJI 2JL>. I jj** Lxj ■ La a III Lx^-jJjjSjLi I i_ul J-><-!l J-J^ (jr^ 

iJ? j>.l ^_Lll ejjt ^^^Li 2_it ^a cjLijij^LlLI ^_i_u . L^nJaaLLo ajLuaj (j^t-i 

i(jjj^r«J,l Jj^jJI 0>J ftUI CjLj^£LjJ.I j^j LijIj CjJl»jj (>UI VI 
d La . ..j" ^ 4_uj^ «LLI w a j J lajj . 2_aLc <LLcaj I Laj i uj Ijj-i^a VI <_ i j i n~ V 
(j^s 2 tl jJLj Ijji^ cjLi^SLlLI a'jJt i ( l 1^" i .."j isludge CjLi^SLlLI (Js-j (j-o 
Jij^jJI C^jL^j i Ij-J^ l^ 5 *-^' Jalc I jl Lai . i ^j^U jj_Ua I ui Uj Jij^jJI 

(<_^l jJI ^jrta^Vl j^r,,,," oLijji^LI jf) ^Lpl^t V *UI 
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4_u! jJ! cjLjjjjSLII J^Ilisjj cjLLjj-jSLU 3JjHiJ,l Ljj_uSLJI ^V-Jj^/I J ■ aAll 
Sj i L^lISLJI L^3L_Ljt < _ r jJI . tl SjLII ^ lr 4jjJtla *UI ^ 

I c J-lJjlJ! (j-SLIj cjLjjjjSLI! ^1 jii>-"i i hLj cjLj^jj^jjjt-L^JI Sju^l , ,," 

«lj^>-l J^Llil 1 i i i ii jj^jJ! ^LcL>.j (jjlU ojjj^ ^1 Lu>>- J^l 

( _ ;r 3 2_aL>. 4 K uill ojut CjJLaoj .CjljjLlaJI ( _ ;r 3 JijjSjJI I JL& (j-is- jL#>- 

di! j jj^j (<u - 1 952 ^Lc iijLs. jlsj . 2_ul jj i .iVI o>jj j"i . ..VI (jJaLiLI 
(j_o 4_j_il_Lajj_jJ! 4_lSLUI,I 2_jj_>J| oljill t_slj_<j/i ^j^*; c^jLLo (jl 1956 j»Lc 

Jy>-jJ,l JjSjU i_all!l <..jim) i3^»-j^>- S.u-uhj.u oUaaJ ^ ^>L3^?I 

j I i " I 3-iL-jj (j-* ''''J I (J-*- 0 2-°^Lj£.j •<l)i> : ' t ^' CjLcJj" i ii a ( _ ;r 3 

L$_) J)^ i n " (jj-J-Il i n II jjjjLj-S (jylc (jj-^-* J^i*'^ ^3-^3 ((jjjjL^-J! J^ajj-tlo)) 

lil jj^il £}Lc ® .j_o>UI (jjUtil! (jj: LLjj-<i/ .sjja^ll ^ jljUj^jSLII 

(j^ *\ J Lx-llj . Cj ! j Lu_aJ 4-u-ul i n~w (Jjsl CjLiSLfl ijr 3 4-a JL^-**t i n \ {j\ ^^-l-u i_£llj 
2 taj ugll CjLjjLijSL!! (jAjij OjL£ (jlj lallajjb ^LaJI ijL-La SJIjLi i Lj/Lj/I 4jL3jJI 

cCLlLLs J2j jl t-^ji"; (jJLa jj| Jjj'hH ^jjiLiII 1 allLl (^.jLtJI jjVI j 
ijJl—LA (j-SLIj -iJL-U 4 j ~wl_i^> j 1 11 -^jj 1 axlll (J^S 4jI^. (Jlul^ Lac (jj^ 1 n'lll 
-iron sulphide j_jj_>JI i£ q\ j! S LiLi j Laa.] i_iJl! S^jjjla CjVLs. 

a\ (_p3j-»jJ! J-lc J 1 11^ Lu-LjjIiSLj.il dJaLj/^j CjLjjjjSJ! JljUi.! (j-o (^jI/LlI! 
JlJ^. (Jjj "i 1 II jLjc-J (Jl * ~u\ JUs. (^1 SjjLj CjVLs. 4jjIjj>. J-iijJ 
CjLLu^LjJI (jy^ L^LLajjj (jlj_iiai. (j!jL*-ijj! CjJl>. Jl^j . ^Oj" 1 11 LI • LjaJD 

...Mllltl Ij^J 

il u itVI CjI j Sj— 1 lTlS J I CjLjjjj£jj JL14JI (j-a JLs-lj i^J-<-u (JjjjjJI jjjijJj 
(jj_jj_SLll ,j_o ^1 ta j La. (jL2JI =) (>l^jJLj_JIj .-. I A , „^lj 2 j \l , aVI 
(Jlajj (jl (jSLaj Lut^i^j .^jljjiJI <D] a i ■■ ( _ ;r 3 jjLoJiitltuj CjLjjjj^jj JLi^Jlj 
4j_Lsj(JI t>JJb i_u i iilj isLj^IjJIj sLilajJI >l^>-^/l ( _ ;r 3 ^-i>-^' W>^-^ 1 £ LL=Ljj/^j 
JjJj .2_JLuiJI LSLjjjs! ,jjs 2_ujJjJ| vZjLjV^II ^ tljLajJaJI ^ Ij^jS LiJj 

LijjL^ VI i-Sjjij (0-! I jl* ,Ji=tlll l-u i .1 (jSLlj < — s ~ ks ^ 
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=) ^_a^_H_j_jJ1 d J La c I ^ J SB "1 i tuj . jVI ( p ^>- 4jtjl_t!u «G3j-*_a Oj-o_jJj Ja^fl 
3j— a S-jj-jJI Lj^_l1SLi a 2 uj 4j^3J-U t_i-uLj^/l <1jL«->J (jLSJI 

CjJL»o JLSj . Lgjlc (_gjJilILi «^LLaJI (j-a pi 5-iLaJI OJLA JlLa jLicI (j-a lSJ-^' 
(Jl »" tilt • CjIjjj^jij jLi^il Ljj_uSLxI! jij-c. (j-a 3 a j La*i a 3JL>. 

<t_ajj_La_i p -» A II jj^e-j-oj JL3 SJjCLkII (jJaLtil ( _ ;r 3 ( _ ;r i>.-LuLfllj pj*-iJI 

J i n^jj Ljj-uSLJ! jl 4J 5L q-!U j J i nLaHJI JL>.t ^j-jj-LuLoJj (J *" ui \ p3 t4_Ua_al_c 
(^_3 Li£-3jIjj>. 4jjjt (jr^- i^LlaJ! a*J Jjlt-»~'a t ja^til! CjLjjSLa jl pj*-iJI 

isU-aLa Sjjj^ij Jajj ^L^l J ' (0-1 till i (ji^. BjjLaJI Ljj_u£LJI 
tjl »" ifoi w AC" 3j1j-j>. Jl_jJ^j w 1 c SjjJLJI L^jjJ Ljj-uSLJI jt Jj a • 1 1 (j_a 

J ■ >» a I Ij-xm jj LJb- diUj iljj^i U£ ijl-iJI jLJ LyjJ .(•s&ill 
jJaj cjLj^^SLlI! 4jJljo i_gj_J! (j^iLjJj-J! c^uLjl (_}!>>-> ^1 Lij-^l J^2J 

^ljji(j_a Ul 

.t_Jaj_JI j-$JI ( _ ;r 3 I J LaJ (_Jjj>.Li slLuj/^j L^jjLsj>. jolu V (^yjJI JLjJL>JI 

JUJ_>J! jj-a Ijl a i n a ^jL-ujVI o ^* . Ltiajl LaLa_i 43^j-»_a I J ■ a \\ Cjj J_>J 

d j l"l * ij i n"t t V tit-t^tt_) Ua£ p£L>.i p3 1 (j-a (JL>> (jj-^-i ^L-a ^ij_a 

^gJ-LaJ Jji- jJLi «l j jH Cta a i .i I jlj i i .i LkjsV LajJaj jl -i i -1 1 (JIaJ 1 1^-11 
*j j i aJ «l (j-a 2 j j 1 a " Sjj^-I' (j- 3 5jjajJ,! JjJL>J! c-tojLilj . Luj-t-u jl <i 1 nU 
jj-a Ij-jJllC ijJl—LA ^jt l_a-i£ i^LLl—i d « 1 ill a ^J^Stj (^^> 4_t-£sLit_ij iSji-o* 

J^Lu (jl (jSLaj lil! j ^-aj • i—i-uLi^l t—ij 1 ujj « Ijjt (_£ I 1 ^llg" 1 11" Cjl_ijj£Lii! 
^Si <_ .j 1 nil j . * I ^Jl iijcaj La-a ^>-<-ul Jl^s.^/1 tfjut JjJijJI t_4jjlj| 

Ij-ii^ LaLiajL^ ^yill Ljj_uSLJI dJJj ^Jl il o^' J^tJI I j-* 

J^Lj (j_a Sjl 1 11 -»JI CjjJLjj JLSj .CjLjjjjSli! 4jjHi»>J,l Ijj_uSLjJI Jj£ (j-a 

jJLl«j 1948 ^Lc 3_i<j_LaVl Sjl*jJ1.I oLjVjJI ^ (_P=jVl c^>o jjjljJI c-^jjU! 
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■ I j S5L3 > 4_^ul jjj I j j i i n LjLSwa ^LalL&L] 
i." i If LaHl i LU I j~» i^ajj ^JLi.qJI j^c JljJijJI (j-a 4Jt£ Ljji.1 _aJ 

(j^aSLjJ . JUJL>JI JLu_u£j)j JLiij (j^-JJ^^I ^tJ-*- 1 ^l-LI ^— '^J"^ ' - U " '"'J 

•.^LUl^ a^u^i 4JjLai 

2ju + £-2 (jul) 12 ju 2 + £ 

Fe+2HO Fe(OH) +H 

2 x 2 2 

J_JJL>JI ^la i iU Jj i a b jj^J-jlJ-^^l l-^J LtLs- SjLc (_LcLll!I w j" 'JJ 
«lj-$JI (jL£ lil Lai . *UI i^J-^u <-i!Lufc * C^ 5 " l -^-!jJ tOj\ju£Lui\ J-U-ij 

3^—0 ^La Ljj *\ a (j-tj>.j)j Jlj^M (jfLa=-ui^2n c 1 A" * i ti9 1_i^>^-a 

J^Lxjj JLiJl_>JI I JLLtQj (_^>* ^Uj^-il J-^-*- 1 *Luajl!I j (j"t i ill till!} ijr L^,j 4^jj>.| 
^j-ajj jju^aJI ji f. Llq-i ^ J 1 jj_a I'm mi j^jSj-*-) jjjjjl ^IjJLJI i la >■ ^1 * ^^j) LaLa-i 
^Jt, I j". A , (_y^II 3j1«jl!L3 jo^j V I jufcj [2 ( JU I) ^] JjJL>JI JLj i m^jj Jj? jjfc 
i<iVI . c I dill £-j o' (*^%P^J • ' ' O - ^ erl9^' S^lajJI 
Ljj j'i'n j tl j (^Jj^/I *j U -Ltl a jjt i)JU>o («J La JUJLaJJ I J-i^s ulljj^i 
(jjiAjjJI sl^JI ^ Jii>-" i n" V-^LMI (_LuaAll Lylj La^-CjLjjj-jSLLJ 3JjHiJ,l 
( _ ;r Lc 'lSJ-^' *J-° (J^Li-^n i_<j^L<j/j i4_La VjU CjLujjSLJI JjHitj La-ilj 

^a-u_aJl£Lll CjLLjj-o^ ^Jl^-"1 i nl l_3^j_uJ . fiUxjL_u CjL*_oj-£5 iJJ JI Sj^ojlII JL^>- ^jLall 

J i n^j-a ^Ltli + i iitLdl J_ujj_j£ ^Ltla + I 

CaS04 + Food CaS + oxidized food 

5 J i n^j-a ajj i nlLCJI JLujj-j^ 4jr J| ^ i n ll£L!1 CjLuj-j^ jJ^ojo Ljj-uSLJI i>J-^ 
^IjlitlL-ul SjJlZJI 4jj^L>. I i ^- j I Ljj_uSLJI tfJL^Jj i*l J-i^ =L>.Lla 3jLa 4j| 

: (_LcLilJI I jut ^ (j^jij JjVI 

I 2 ju 4 + I + 2 ju 4 

4H +CaSO CaS + 4HO 

2 4 2 

lilj . >l i -ViaV t (jjs juj_aj Q^jj£JI (_gjj-r»J,l al «-IaJI I JJt Jila (jjs La 
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L$_il_3 <j1^>.jj Jl-j^/I (j_o 4-2-j-ta iLu>j JjJL>J! (j-o Lia-^- 1 ' ^i>r!-^-^' ' " ' 3 f ^3 
Jljjjj-j^ ^-"tJ-J J-)J_>J1 ^j^* 1 £_a Jjlj La-i*, J_ujj-j£LJ1 ^J^LflHj pj . JLlJ->J1 (J^Lu 

. 3j_L«_a sL^jj^ iLajlj LJLc. <Uj i LlJLi (JjijJj OJ-^' Jj-tal 

j j-Aj • (_gjL>J,t i—tjuLilj *U.!j jLi-II i-^uLji (JSTuJI pjvLgjj 

(jl La^ ij^e_JI oLus CjLb^ j'slt SJjjj'JU Ljj-uSLjJ! (jV 4jj^tjJI 

fj j U w 2 j jj .j j i ii j ^!>Lc <-i!l_L& ^ .I j I (jSLJj .(j-a-uiJI (J^tH* 1 ^"j l)^-^' 

V iix_Lja_i ' t^-La-i I jlUi j| 4jjlxj I j I < ^» j *!_j^JI (_)-«-><-> (jl J-><-> I j" *' a ' 

^a ilitlj (j-\_aolLj_J 1 j o all (jl j^jG) ^jjjtll ijr ll «L9jl»3 (jl Ljj-uSLJI ^ilaj i 
JL>«J (j^s- lLLiI j^jGj i Ljj_uSLjJI dJaLj/^j (Jirtjj i 'I ju i .i^LJI J-aj ^1 j ir-iVlj 
3j_a I J_a_La slinjaj JlS (j-d-a-^XI JLulI! Jl>.| (jla i4j3jj>.| (j^La-i V Ljjj/I_Lo ^^Ua 
( _ ;r Aj i4jLaaD 4_uj^^ 4jjLij£ JjLj/J ijJLutj . 4laX. ^Lui «LiJj| jjt Ii! (_fjj>.i 
5-La- 1 i nil tfLil! 2 -i laj| (_yi>-J ' ( JjJ " * I L?-^' (jlr Jjtl" i m~ L^LlI (jSLIj i2 nK a 
Ljj jVC ill CjV^L*_oJ1 ^j^* * (j^/ ^5"^^ 1 J-A jj- 0 (JItt^H JLua «Ui_j_La C< i in! 
Desulfomacululm j-lSLlAj j-^c-j-j joJj-i^La j"j , „j \) CjLIjj j*\U 3JJi>J.t 
L^_l1SLi (al « La II ' a Li CjjLalu LtLiijL^j ^yll! nigrificans 

( _ ;r 3 J^Hl! i. i j i n"l (jl i>J-A JlLa . .." ^^jt Jj iSjIj^ti! 4jitA 

( _ ;r 3 jjsJj L^j^/ i4jjj_ti! tfLil! tLaJaj I ( _ ;r 3 3_ajLj>-"i i nU (jjjLa-J! c^uLil 

t>j-tb cLjaijJj (^jJ! J_pjj_t£L!! j_jilijj i^jjjJI jL^j>JI (j^s -i>J^' (j^La^l 

^ J j ■ 4jcj!j L^J Oul^ SjLaji! CjLjVjJ! ( _ ;r 3 4_l>.Lj/ CjLaLajs. CJJL>.| J^J 

oLlII jL^a. (jl LlmT cJaa.V jlj . Bath iiLi Sj_L j^LlJ! 

. (j^— al_C (jj ' ea C ijr 3 jLl^jVI i, £j miJ ^_^JLc ijr d_j_tia_a J_t£, 4_jJj-tX1 

JLSj S L-i-J-jlaJI ^a-JJ (J-A '.(Jjl i n'lll j-JJJ (^j-!l i_k3aJkLi 4 j j i"i i . l-l^lC 
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tiigJLJIg JJLajJIg i nl'ill 



(jus. u fl-j i a a (j-a Ulja ^Lcj_iV! J-LiJ iiiil j (J-*3^/ 3j_a "IcLxjSJI (_£jJ Oul^ 

(JijVl (jl£ "-^p^ JUuLiJI ^j^jjtl S-^b W « juc 3-l>. LJ! oLI.1 jl <U oJ^ 

Jiajij ti^ijtj >Jj ( _ ;r 3 CjLiSu JL3 4^ejljJ! Oul£j) 4 l^j. IjJ)Lj/ (ji 4j 

4_L2j J)L«_u-uL3 i Lo^aJa-u jj£Lus (jl^ 4j| jJLtaJI (j-«-i • (4_i1jLc £_o L^jic 
La ".(JLjiJ JLSj •J^*"^ V^JLa (_£j_ul/lj 'tlj-i-a ^Lj S (J-><JI tj\£ I j)La j<u i4cj_<j»j 
4jL>.! (_£J)Lxil (jrto. (^rO JU*jJj * <l 1 a su 1 n U CjIjI j 1 nil jj>.Ljj j«JL«JI (j-ui <Jj^' 
(Jlj-o.1 q\£ I j)l ' Jj a*X\ Jl Jj-oJI I JU& q\-lmj^\ JLj-uJ (jl (jSLa-ij .Jl JjjJI I JLA 
i. u 1 n" (jr^JI 4_uj/Lj/VI 4_lLsj>JI jj* L^J 2Jj_oJ,l Ljjj'i'C jll dJoL^uoJ CjLljj-jSLJI 
i_k3alu iCjLljjjSLII (j-a a I ' V I jLala (_pajVI G>J J^LlII 

4-L.Lg-tJI S_p.LUI (jjs iijLuj j'sll SJIjl <j£Jj i^jti^ I juii (j! (joJ' j 5 I^K 

^JJ 4_*_u_uj £j>.j-i 4_i_}L*J1 j jj! * - ^»t1 tfLus (^yjs ^ ^ ^ i aaJl (j t . d 1 j mi a 

(^jjjlj LaJi iOLj-Jj_jSL!I (ji^. Sjj-UI i>Lj-a (_gj-i-><JJ .^^jjjJISLII CjLuj_j£ 

dJLL&j . ^ j j 1 11 tLSLII cjLujj^ (jjs cjLui^ (j-1^ «LlJI j>I j-aj ,_y^>J\ 

Lt-Lnjv (j-Aj it_ilj_Jlj <j-UaJlj *Lil :4_lao-lII S|_l>JI ( _ ;r 3 J 1 aj V J)l ii^ij 

t_i£jSL!l I jut ( -;r l^. (jl^-a (_g I ijlILl* (j-ujJj • cjl_ijij£Liil ojujJ cjLujjSJI jjiL^aj 

(Jj^ w I c Lj^— lTlS^-J I ^Looj . ^taaJa l_La j Cj Lyj-jSL! I ( _ ;r 3 lj j^'a w S jj Ljjj_2j 
. Ltj_al 4L*X. (^ i."i 1 .nt (^^J iCjLujjSLII (j-a ljU>- 2 Ijl^ S_ui^ (^J Jlo. 
(^ylo.J . ^1 ^o^-i 4j^tj ^e_l ^L_»-LI ^ J ' "I ^-a (^y^ L_3j)j-»_a (J^Lj ^j-uj] i" 1 nt JU^J 
(_gJ)L>JI (J-c^aJI (^ Ltj^jj (j-U I j-Cj Lljj jSLII (^ 3j_iilill Sjj-l!I ^l>jl 

. Ljj_uSLJI dJJj I g-ilc jjuj (_^J (j flSS oLjjjjSLII (j-a cLl»£ (_ ;r l£. (_gj_oo ' uiC 
(^1 ^Loo (_ 3 -iJI Jj^ljjJI Jj ir~ib>JU 3JLv (^ 5jj-JI (j-3 (_^a2Jjl j j Iaj Lxj'j 
. Ljj-uSLJI fiL>.Lj_r»o La-a j-uSLi < la c I CjLjjj i's 11 (j_a 4_La^ 

cjI_j^£LlL1 4_i ^>.l_^j (^jlII J^p. ^il < i^l i tiVI ^Jt (__psj^/l dtj>o (J^LLlI (j_u_jJj 

J^QJI (ji-^LlLlu/VI Jjj-I ^a-j^j! (j! i_^»Ja) L-JL^iVl /tut! 4_tSLIj (jJU«I1 

t—iLu-ul 3j)L«JI (_ ;r a LLa t_il_uj/^/l (jSLIj cjI_ijj£LlII (Ji-jG (jjj> cjju*j q\ (jSLa-i 

(J^LlUI ))j (Jl a »" 1 nVI jjLiu jjl£ jjlj 4alaL>. djn 1 n" (jlajVI C^d (J^LlUlj . sb^aLs. 

^jjs ^ajj (j-iJ1 4jJ)L«JI CjLjjj£LlI.I (jl (J 1 '-"' a I ^lla-LaJ «(_gj_uSLJI 
(j-a dJJij 4jJ)L«JI J^LLtl 3-C:j-<j (j-a JU)j (jl (jSLaJ (jJ>L«II (^k: 42jSjJI 
L_LA 1^**. ... i V (Jjjtaj (jjLjtXI ^Ia 1 nj 4^l_La_j^j)j^£LII «uLt-aJI j-uju (J^L>. 
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(jLuiUlg Olj9j.V1.nll 



(jnliiiljgjj Jla-^Lajv^l j^oJI Ljj_uS-JI j differential) aeration cells 2L3jLa 
.cjLlSUIj (jjUIl (-a^ij^ ^ aSL; La (jlsLa^^l (j^a jJjj (jl <jSL«-i thiobacilli 

.(jj)L«J.I p-^-Lg-) 1 a j \i~ t l jlj^o ,j^o I (j l i 1 ^1" ^pJI oL*IiU i_^ju 
(j-a JjUl (jjSLjj . 4-2jj_Li]I tfj^J lilijJIj (j^aL^jjJ! (jjs J£ J^-y U^-*?J 
.J^Lltl uxui jj* oVL>JI ajjt ^j£i LljLijijiLiII JjlS 
(_p3j_a CjLl^SLii! CjLjtlLa dlaL-aa-l J^Hll ( _ ;T SLuj/^l£L!l Jim (jU-tj 

Ijji jJ-jj LjJi^-la^ Angkorwat cjIjjjjoI j-u<_a q\ . iiL-uj-JJIj jLs^.^/1 

«Lj_ij|jjVI (^LAI fvaju) (j-a ^JLSl j-Aj . jj^UI ( _ ;r 3 4x-iJ-2JI SjLuti! I ■ykf 
.4jI^. (_p!jj>.^/! <j-u J-J (J^-y O^' _9-*9 (' La 4J Ijj-i^ "^-"^Ij J^j) 

jl^jla (^ 4j!>Lojj pochon (jj-Ju^j jjj^jJ! <■ 1 1 ..-w-ajl-Lgjl ^^a 1. 1 j 1 .itlj 
^jJaLUI Ji^aj^ajU Jljjjj-jiSLIL] ^ 1 iVm j L^ej>. 1 (jf ^a_A-(j_ujj Li j^**t ( nLi 

(^yll! jjVI |^jL2JI ^L^j I il^j . jllkJ.1 I jjlt* (^yli (j^JIj Lu ' "i 4jjUJ 3jL>JI 

J 1 n^ULjij . J_l1j^ j *\ tl I jut 1 1 aj CiLb^ i*\ It 5Jj_oJ,l Ljj-iSLjJI (jLi aju£j5 

J j ■» a (jl ,jL*^s-VI p ka-sej i^j-tl jj'-i --^ I . thiobacilli^ .1 I ( riLi^-ifj 
(jSLtj ijLajv^vU ^jij^LJil (J^Htl (jjs 4-i^>L>. 4jjL-ul_a 3JL>. (Jii-4-1 CjIj jjjo I 

(jl jlsj . LjjLjJ> (j-a 'I-^jj^ ojjl>. d^jLiLA Sj_u^ cjVL>. dJLuk 

j-u_ol ^* < La LJLcj . cL^jl mi a 4_jjj-La_) (J^Lu (j_ujjL) 4jjl5ej>JI (J_uLjlUI 
JljUJ^jSLII (_^Ljj ".SJjLxjj t_il_uj/^/ (J^Ljj JL3j i3jL_uj_>JI (j-a (_gjL>J,l 

(ji^>-jij jljVI j_ujjj^ (jl^j bj I (_gjL>J,| jjja 5JL>JI ojla ( _ ;r a 

(j nl i nLi ^-u Ljj-uSLi cU^_r»o LlAj 4_o*jL>JI j j i ul ^ajU ^_Laj_ol (^1 (J-t-a_i (jl (^jJI 
j-u_ol ^11 ge-Ia 1 (jl (J^Lttl (j_a ^3-JI 1 J-A aSi 1 (j-*J * ^Tpi>^^^ O ^ C^i 
w I c 1 11 tl ^ j ** I Li^oJI CjLjLoJJI (jjs J-JJ^ uJj-^^J .(Ji-ljJI j « 22u 

3_iLi_ u J_>JI j j 1 ,il J-Oj JlJjjjJI ^Ij-jl (jl I-SJIJJLA J I r-l I liltj) JljUJ^jSLII 

U * < ij (Jj^ J-aj . «L^_iLJu_a 1 i ii^f (J^Ljj 4jjLj/j^r»JI cLlxS^I <Ula£ Ij 

Cjjj-jSLII j j 1 11^ La i4jj_uSLi <_jL±xjiI (_jJI 4_Uj^/I J^G (jLi (jlslj-iaVI 
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tiijjjjlg JlajJIg i mil 



a**t nil 4-lLoX. «l^fc_u_l (j£*Lij i ti i a" i aj d i dJ o (jl . Cj Ls j^£Lj_a-U J_Jl£* 

VI <_ i « l"t V (j ii 1 i iiLij-lj Ljj—ljSLj (jSLJj cLujjjSLI! a i a. (j^oSj 
l^jdl lijjJLU (jJ-cJja. Lajjj Cr^- JJ- 5 W O' "^Llj 

.(j£"Lx]l (jlaLa^*^ ^ i n^MjJI j I L^aJ^I (Jj-4-1 
La Ljfj . «bL#j J-J-»J criSO^-^' 'I , ..All d ni^LLa ^£> j a" 1 uj (jl , .. 

4_LL>J,! Lj-lISLJIj jl IcVl diii 11 "t (jl (jiUj ^jJI ■ ajxll (j£: LLui oJ^ 
(jl (j-S— 4-1 Laj icLu^s i ^£i CjLIjj jSa] 3JjJL>JL I Ljjj'i's jtlj j^jjjlj 1 nit 

( _ ;r lJlj cjUSHI jjlc Sx. I i 1 r-i ( _ ;r a 3ju>.LJaJI cj! jIt" mil (j^s cjl_ijij£Liil ^ ii I" 

4_lj_I_>J,! Ljj-j lTlSLiJI g. j Lali 1 ■ ■" i— ojSj ijjlalj-oVI j-<Iu Sj-^Ls ^ j 1 aj JlS 

J_jJ_>JI Ljj—lISLj g. j Llj 1 ■■" i— ojSj . 1 1- A M I jLiI JUjiJ (j! Lij_j£.j CiLb^ j'CIt 

j 1 J * j rt 4 j a 1 11 1 La i. i 1 1 11" j tCiLa- i"njX\^ ^> L—4-JL 1 j.}Li-a_a 3^*^ (j' * J LseiaJ Ij 

.4j|ju>- 3 j n 1 .1" water calamity u^LJ^I 4jjL^» 0LJ.I 

(j_a (J^ (jl_j LiJJIi 4*Lll Jli^aij 4_lLi_u-a (j^. I *m mi (Jj-d-s (jl Llo-Ij (j-a L>^J 

^ • *- (8) 

(_gjj| ' fl.i!Lll (j-c LLui LtjL^jlj «Sj_jj_>JI aj-tb jLa-J j&jr" t ill 

jLx_»i^M lP- 3 ^ JJ 1 a c -^3-° ^ll «■ Li 1 C^jlSo IjLs .Cj^JjJI d i i i uJ 

(jSLa-iJ . Ijala «LU ^ 1 1 r> I j CjL^SLJiI Clv liil j _a^e-ij I » t-» t lj 4jLjSLII (JjJJ 

(jl_i dJJj nijj_bJI (j-a a lj^ ^ij'-?^' J^-^'j J^ 5 -^' , '^!- a |J < **•"" o' 

Sj 1 11 SI CjLj^£LJi.I U", , .^Lll.1 tl^JI (j-a Ij^ljS" tUI liJLijt 

^ j j \\j L ^ e— lU I ^JlLa ^Jjl^aJj ^j^j^SLII JLu_uS*i ^^j-iLj I ^JJ LajtJI jl^aJLl 

. jl ^Li ^L2JI ^1 1. 1 1 "J^J 'Wj>^t!^' JL>^ ^ ^ Sjj 1 aJ 4jL;tla ( _ ;r Aj 

cjLij_)£Liil 1 'I l^j" 1 11" ti^pcj 1 jjSjJI jujuiu ;LLI ^' a j;^^l vijalUI cjjlxj Lajlj 

i4_u| jjt^UI Ljj-uSLJI j^-i (-;r i^. jj J-i^. J-a^l j ' aj 3j . >I^JI ^IjXI JS" 
La-a I 1 aj? CjIjLiIIIj ijJLa-mVI Cjjju La^ij "■. i-mJeS £^ajgJI jjIjjJ L^jjIjIj 

jl ^L>-Lc jji_l!I ^jjs ca \luj 1 1 SJjujJJ Ljj_uSLJI I j-jjj . lj-<-ul ii^bJI (J-*^; 
cjLoISLII <_ ilr LaLuu ,jij>.jijjLjVI JljUjjjS' (jjs i>jJjj La jjlS" Uj dilaS' !>L>.T 

till j .i^aJtaJI (j-a JUjj L^jLs 3j_La-a cLax^aj sLajljJI ^J^S" J-A LaS" 4-pJI 

-^gj" j j UL>.-«L3L2jI ^ 1 ' «Lol3 (j-a (^jjj^Ljll plXI CjjJjJI juljjj 

. «L*_La (j_a (J^. I j-a-l i- i « i<*> I 
Cu^> ^LflJI (j-a Lijj^ Sjola (jjliLLa i_dj_i!lj J-laJI CjIjj->- jtl ^£1 jl 
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(jluuUli) Olj9j.V1.nll 



^ aglaJI oJ_& 1 ii a 1 11 (jLa-^^liJ! J 1 a all Lylj L»^-(jjj_lI! (_L^I (j-a *a-Ui!l 
jaJcjj . 1 a II 4-JJ J-ijj (_g j-J! (_£J-tlj >LU i\Ju^i (_JJ-a (^r^c J-a^JiJ 4jj_uSLJI 
Sj-irt-J! (jjS^j ((jjjSLi^LJI) (JJI^jlIIj t_JLaJaJ!j ii.ll n 1 ii^fl ^ ajjaJI 0 JL& <J>^ 
CjIj jt jtlj . LgJ (JjlS (j-i-ii >j JL^j Ojjj£LI! J a" 1 h"j Ij 1 11 a Laliaj 

:<±jJL3ej U Lla aj Laliaj (^JLlJI 




Sj-itsjJ! Jj-r" 1 11" LaJiJtC 4jja Jjs 3JL>. LiLo~i ii Jijoj . 4i£ (^LLI aI IaJLlI J a i""t 

I j j| _aJ Li£ CjJj Middlesex (j a£. ui tjt-f-a ^-y>^ Sj-J^-J Sj-a C^jL-a 

. . ) SdJJj C^J-" J^ 1 -^ • ^ij^ 3 J 1 "J La L)- 3 ^ j-^J-' 
(>-jfa . j-^jJI (^3 l£ jJI l£JU-uJI cuLaj . LaJ j^-J! ^ jJI «LU J^>oj 
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tiijjjjlg JJLajJIg i nl'ill 



Jl-iILjj-jSLLI 3 j i n^jJllj SjjH! Lj_uSLJI ^^juj ouLc I L<ujj (21 ,20 j_jL^JI 
i_y-i£- J *J~J ' a " cr^ UJJ ^ * 1 1 i_£-5lj j^ chromatium ^j_uLojj£LII (_>u-l>. (jjj 

(jSLajJ . <j^>-jlj J-J^/l lXjuOj-& <L?=jIj L^J jL j-J-*JJ (jr^J "— ■ < i>^^' LjjjjSLj 
i - I j i a >■ 1 1 ' _i tl se-taJlj d_LiJI i_JLaJaJ! (j-a cLfl-uSL!l Cj Lc j-a->Jt I l. i j i h"i (jl 
.(jl ^J^l tfj-A Jla 3j_JLuaJ! 3_uLU cIjLjLlJJ! LdljSj 
■ La ■ "j" a j^j ^Ir <_i-<ia Jlla Thames j_a_LlJI j j I] 31se iea.ll 3 1 1 .il^fl (jl 

J_p_jj-±£LI1 (j_a (JjCL»-a ^^"i i u a liJl a i n^U 4_uj_*-oJ1 J_)J-*Io iCj^taJI 

(J^a* jj-a ^a^tjj ^^LLaJI (jaJ Jj^Juj 4_l3 ^j-a-uJI (JSLufc ^J^Luj . (jLo*^/l t. i If I 
0 ^Ir 2 jlc 1 1 1 aJI a\-A\ f>l\ OJ^-J La LJLcj . <LaLc S^jj^ "i^ejlj (jLd.1 
JfLa ( _ ;r L^. 5j Laj ■ o-tl ^1 i_SJl$j (_^<JI 3-aaSLa-JI 'j ga. (j-a ^c,j_JI 1 SjJ i a II 

(jLa iLjJLc. cj u I " 1 1 SjLjJ (j-c 5Jj 5 1 .i a oLcU ■ —tt ojL^ lilj .cjoJiJI Ijut 

ijr 5 JllaJjJI £-<-a (j^. ^* rt (jr^i 3J^^t i a a ^a-JI 3j-u£Lll 4-iCLLLegJI CjLLi^JI 

j»^jJI 3 K ui U tfjut jLj {y> jf . j>LJI ^ jJI 4-uUI i^jLa-J.1 

V ljr li\ i^jUJ.1 j? (<L«l _j*JI) fuUJI JjJll j? <j^aJI ^uil jjfc jl j-ai^Li 
«L>JI_«_a Jl-«_> i La jL^jVI (^ I J -^jj i aaj j&ij (_£jL>J,l (jl . Jls-I JLu jJaiej 
J^I ^ <Mla u a jlkjJI I j ^jj i aaj Lai . 3jLc L^-La jj-xia 1 1^>- ^ La j j-L^m 
*l_a «Lj>.^JLa jt-t^JLxJI LtQ-aJI (^jjs 1 La^- LLjlI LLa j i tj-aj .3_iLt£, 

jL^j^/I L-juuija JLi^. i>Liil QaSjj . (_gjL>J,l ( _ ;r 3 CjLj^S_lI,I l. i Ir I Jllij j^tJI 
(^-3 oLt-TLTi-LU JUC i_3aJtil Jijjj/VI J-ajJ! La! . LJLc CLl^llII Sjjjui/ 

vZjLb^jSLi! 5JpjJ.I Lj_uSLJI i>jJjj (_£aJI- jlujjjSLII jV jojj/I <2jL4=JI 

. Ja_uiVI J_JJL>JI J_l1jj_j£ J-'-yj '(JLa^JI JLjJ->JI ^^Lal ^-a (J^-Liu 
Ji-uj^jSLII j^/ (_£jj>.| Sj_a (-J -i-iII j_J^' C^i O^J-*-^^ (JL*^I (Jj 15 ^ 

djIjJLij i45aljj| (jlaLUI (jj&J .a^iijtl JjJLaJI JjL^I (^Jl J^cjjj i J i u$faj 
4ja_Lil oL.Ji.lj JLajJI i>j_A JiLa g^Cj^u jl (j^-aj ^Ijjjj/VI jjJI 
jl ^ Jiil jji (J^ (JjIII £ j LaJL J-ajJj tiijjaj i4-Luia-U Ljj_uSLlII (jjs CjLui^ 
Achrobacter ^Lij uu^^^Li ^^1 <jJt S^Lc 3Jju<iU Ljj_uSLJI jl-«UI ^ ^j^- 
L-cj-Laj J^La- (j-a (j^-a- 1 n^^fl I (jil m LajJ^. Ljj_uSLJI eJJk j^toljj ifisherii 
(_ ;r 3 J(j uiXI IjL^J (j£_a-ij .i_ojjL>J,I CjLs-jju jl ^1 J^VI LLaJLJa i. i j i n_t «l-JfjJI 
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^LuiiUlg ObgjVi.nll 



! 2" JaJI 

^ j .>»tl Jj^Hsl Lj.La.ll t. Mint Lj-uSLJI ajuJuus «lc j-qj?e-a * * 1 

.(cULusjlJI jLt-JI tiJI »i i iii ( _ ;r 3 ^ i taJ I 
oLlj|j£LuiiI L3>« J!Uj (jJjjJI I joJLJI ^yfl (jjJLl J-«-»-l L?^! "J 'j'^J 

jIjj_<j/ ^yfl i— u-uJI (^ic K.R.Bultin. i>-13jj . j .l£] (^Ij^j .SjjIXI 

(jlS I 1 J " LlLJJ-<-u jj^JI ^1 J^tjJ jil! (J I jLJulj . Jj J_L>J! 

(^Lj (jj| (j-oj . J-J^/l J_ljj j *C J olj ' fl 11 Cj^JjJ 4j*_uj Lp^LLi Q^J 

.oLljj-iSLil SJjljJ.! Ljj_uSLJI : ijr a\jJal\ LoLajL^i (j^o 4-iL^I 5 ji-ujjjSLJI 

^jjjIj jl La ■ ^ I C d Cr^ Jj - ^' (Ih* <— ' CjJLaj (jl (j£LxJJ 

(_L» L^ (j-Lc 4 Sla * a jjkj-Walvis (T oi •o'-^"- 1 '^' UJ- 5 

!jJL9 j^t_t_J1 ^Ljj J <i ->oj-d * i n Liu d)L>.L_u_a ^£ liJl g < n^M (JlULi^ J^>*^ (jl 
4_LiJ-o iJJ _3 fi^Ua l\j 4_jjJjlXI ' I <-j * ' al I J)^ i hj tit_tjt_i JLujj-oSLII jj-o Ij-^lj^ 
Jj . 3_LjjJ.I 4_cLj/ 4j>-j w ajeJJ Swacopmund J JLjj-<-ij^Ij i u j^JaLAJI 
j u (jj-^J ^eJa i oil ijr ll j^j-^JI ciJl q-ml iJ ^jG)> '.j-u-o j-iojLLi ijr ljt_a ^yAse-L^s 
j L j^_4_j^^1^_ 1 _ u i nil CjJLALi JL^j >((» 1 i nil ^5 J_L1 J_t£, 

I JL^ "' ta ■'-*•! )) 4j*_uj j»l Jl^l Sj^J ^J^ 1 *- 1 cS^ 1 ^ ^2jX1 i-ill i i »V1 I Jj' a ^IjIIj 
Lc I'm & CjlSLUs I 3 'tfii~[\ >-dl o i nVl 3jcjIj j! ^_ii>ljJI ,jj>j . I 954 j»Lc: 
i_^ljj-«JI J_Jul (j-a aj-tbj .(jiit'tl IjU Lajji. 3_al_«J! 4-ujj j*C 1 1 SjxjIjJI ^1 

5j Laj mil (jSLsj V 4j^Lc iCjLjjjjSLLI 3JjlL>J,l Lj_uSLJI Jal uill SjjJJil 

. IjijI L^ik. 

(jSLIj i*Lpjl ^ij-UsjjJll I jjt ( _ ;r s i>i <n (jl-Liil cjj^j Lt^-^jt^i" i .I ij 

^J^iSj . ut\\\ Q nJL>JI si ' gaUal ^5 ll I ntl ( Ljl_>JI ^jl I nl^/l J 0 I nl (jl {j£*J4-i 

Jjt 4_ub=jVI oLtUoVI tfjut jjj> SjLa^l Sjiij'sj JjLail i_uU*JI ^ jJki!l 
jj_c LjjL^ j_La .3jij^>.j_a L^-il (j-Iil S I j i o^l sej i . .. i 4_«SL>. dJLLa 
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tigjjjlg JJLajJIg i nl'ill 



3JjJ_Jk! J^^>JLi 4jjj_>J! 'I i^aXlj CjI JLjj^ j" < nVI Cj^Lj^jo iiLaj^/l 

jujJLi ^^jJ! j uLp (jl!! iiiLs*j^/! j! U£ . ju£tiILj jl^o 31jLL L*.Lijf 

j i J I ' La 1I1L0L allaal J (^H-H CjLxj^/I (jSLI . i. i i iiLLa 

Ct-Lfl-j (j^/ ' t_ui-3e-a (j 3 se J J L_4-jIj . (JjjLlJ! {jja I JL>. 1 * ) JL>»J V 

jJL^j (j! Lis. liUi q a j Laa. »<Lx»Lt]| Cj^LaJJ 0j_Juj iSjLil! 

(jf . Jl o aVI I j-^J ^ <lr 1. 1 w n tiJLLik (j^jia i3jjtal 3K (j^L-uV! ^ 
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3_oLifc <LLlLs j JLjj 4-aljlgJI jijVI tfjbt j! 4jI Ji-JI 

I *' j t 0 . j U tl \l ,^.-,aVI ^ oLj)j£LlU L^jjijj 

4_1oi_<j/j_i CjJ_>>j Lj^s- Cjj I" II j (J-Lse-J II j I fl-Lj-l I 
4_t-aL>. CjVL^-gLLal ui-U-(J!l^-i L4-1I CjLijjSLiXI 
U I c I ''-j' liJJj j ' " Ljj .4_al_«JI ^ a_j laj 1 1 
CjLijj-SLJJ I j j a ^ jj>-"i 1 ,1" (j^JI Q I 1 1 '"'I jl T~ 
. I jj'a t-.ii.jj V (_ylll -lljll (j-o a I sej 1 1 

LSj Jj d * * L_3 ^J_u J 4 J-J ^rH JL)^^ ' ^ I ~»**' I 1 ^^1 0^ 
d se ' aa I 4 j t uLigjl L^-it cfn^. 1 ^**. .^.al * ^ K < ■ ^ ^ 
^LLII 

<>* L^Jil Lj^ L^K 3 j V<U LuLt-« C L- > ll 

4_LSLtlu_a (_£jL>J,l .>.'a jjjs ^j^l-»"H (j^j ^<s-I 

(jKj . >L<-L^ jL£ tl jj-c LaJ-i^. 'ii>^ 
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CjL*_a2L>Jt! jLj! jj-a ^ a u La LJLc. ijr A ^jL>JL! i—ajj-t-aj ijr 3 ^ 0 La »*^l 0 JLAj 
(jja 1 "jtl jj 1 aaj II ( _ ;r 3 3Ll>JI i_sLi^sji LUjGj iCjLjj" i nil i " 1 La 1 A j<u icLuLajjJI 
j La se J 4_j_ifu I C^jl£ L$ji Jlj V 4_uiJ^I (j^l 1 n U (jl 3 j III j 1 -"~ J^L>.j 

(jL£ La IjjLjj i!_Ua-j| I J j'a iJ^-JI c^'-j'j £j'_S-"^' O"^ w Sjj <LaLaJill 

CjLsLjj jjU.tl jj| 0 1~ 1 11I j I uili 1 1 ( _ ;r 3 L. 1 j 1 nt I jjSLx-iJ . (JJ " ' "J (J-uLlI! 

(jK 1 nil Jji^. .sljj j utc £jj/LU! (jj-il! ' a-Lalul Ltj . nosegays *j j« 1 all jjjfcjJI 
jjk-w i ntl ! JJt £j] ^oJI (j-* ^ J ' *3 1 La-all SjjiiJI <L?e_uj J_U ijr 3 

j_uL <u! La£ 

^Lc ijr 3 j-a_uJ1 ^-u-atj . 4_j_oL(£La 1j-jJo£LJ1j JiojLuJL^ (_^1j-al O-ll^J 

( _ ;r lJI (jJ_J CjLjLoj (^j^so OuL^j (_gj La- n II I ij^** L>.jj ii a L-L^a I860 
^jLjJ,! J-J-a-^- 4_LjjJ.! ^Ulj^.^! CjIjCLi! JLSj jl La aVI tfLus 

^LLaJjj 1876 j 1845 ^1*1 4-aL*]l .^11 

i^gjUJ.! i.-.t hii! (jjj M.tt I oj-U! JjI jl jLLaj . 1898 ^Lc ^ <LiSLla 

SJljO. jJ! 4j>Jmi iJluL^ njjJi! j^!j_a i. 1 \r I ( _ ;r 3 c-i^uLii ^jjjs ' . ■ ■ ^"j £-«-><j 
CjLjjlLJI ^ i>>\j\ ^ L^jj^s -t?^*- 0 J'j^^' i. .Ir 1 I & I ato OuL^^pJI 

(_gjL>J,l <Lcjj_«j A { n 1 n'ltl (_Lual IjUkj p Lai 1 LaJla Jj ir-iLa-a-i ^jjj iJluL^j) 
^pJI SjpJI cjLliL L^jj 1 .1" Jjlj S_Lflj 1 -»* i>LJ.I ojl£j . (sewage farm 
fiLLflJj ^ji L^tx^slj ! JU La (jLcj-i-u * ' ' J^^" d ' ' ^ j ' eaJ C^jL^ 

4ja-Li! tfLiil Jjj^jj ( _ ;r 3 LiJLi \j Laj. tiJLut (jlj 4jj! j uig 4-iLaX O-iL^ i>LlU 
. (_psjV! C^rsJ <>Liil q[jj-loj cLL^ia 4£jjua dJLut (jSj («J La t_!j_<iJ! jLiT ^1 
(_gjL>J,! Cj^L»ia3 cJljLaj) Sjajvj^ C-J'j La (_gjL>J,! ^j'j-a (_)^aju ^1 

CjjL^jj tjj-ill ' a ■ eaj 3i5Lit Cj! jlaj. JlS (_gjL>J,l L^s-jJaJS^j 

.4jJLc 4jSLuLajj|j 3«Lfl£ CjI j 3-ji-aX. (_gjL>J,l 4jJLla 
. j»L9j^l J^j-J d K ui-ll (<s^>- (j^. SjsLc Jj I LuSLa-lJ 

(j^s LjaJL>- 50 jjaj West Middlesex 4-ujJLt! q . ntjt-La ^ jK 1 ..II ^ oir"i 1 nj 

. 2 j l-»J.I (_gjL>J,l g^l 1 a " ^1 CjLiLii!! I^Kj • 3 a i n't JSLI L_Laaj «UI 



198 



jj-a j^l jjjjLJ! jj-o ^j^jJLs I d ' a )J Ll^_ji_a ^Jtit-l ^ jJI £_Lt-aJLl <JjLuj ^jt c_t^t_lj 

(j_o j_Li^a_U I j « i »jj . Lj-ojj 4jJL«Jk! j^c (_gjL>J,! cjljjJL>. (jjs L^j-dLa 75 

CjLaLa->Jlj CjLc^JLJIj 1 «j I ■ ^ 1 1 1 j_a <_i-uLi^/I (j-a 4-iLx-a d *C 1 1". J^Li. 

JlLa-ij . ((_£jL>J,l jL^>.) 4IjLjJ! cLtcLLLaJI i^aAJI <_2jLi^aj "LlU CjIjjJj 
(jl jjij 2 jj 1 a « II SjLtl (j-a (jja <_sVI 4 t_!jL2j La (_£jL>JU 

jjSLaj V L^Jj o 1 1 < n Vlj jLaJI jl jL^jVI L^Ijj^jj J-ls l^ji 8 ?! LgJ J-«-*j 

(jj-jj_£_JI ,j_a (_£jl_>J,l La 3jJ-i 4-ljLI.I Cj Lj Jj-S-jJ. I J-J-«-J cA^- £JJ 1 rVt 

(_gjl_>J,l g. * ■ a a 'LUjij (_gjJlj . i_dJj ^e-ij JJ^ ' iiallj Ouj-j£LIIj jj-Uj. jjHi! I j 
t^jjsj 4J3 <_2j|jJa a" 1 11 a CjLJLaJtll 0 (_Lt^*J ijl J-^l J-II (.^-3 

4_j_L-aJ1 j-i-aLutJI ■ ■ aJJ ^jL>JLI i"»\l »>>a C-c L aj v (jH^ ^W-^ d - ^ *" f*-^ 

Lis i^jL>J,I 

LilinT^ l^tj; j 1 iuj 3JL>. ^ 4^>JL«II 2 . 1. ^11 jljll jjj^jjj '. SjuJLjJI 

( _ ;r a (j^iL«JI ^■^z! 3jL2iJI (jjs Ijl>. «l>JL«H tfLdl j-Luj ;-.l . . ^ ji 3_jj^1J 

« La i Laj (jlr Jiil i-lj i<i ^1 ^Lila (j uS[ 1 11 J JLa Mogden (jJL>- J-a ^' 1 a " 

u; jM_JI 

d)Ljlj-j>. ^jJI 1 ^ j j S S Jjlj (^jl_>JL1 (>Lu3 jj-* ^-U^ jJ^ -ij-*- 1 »-Z-<_tJ*_) cL<j_<jju^_a 

j^t-tToJI L^J-ll 1 *** 1 ' ^ A 4_j_o_}Vl jlj-jJI Cjyi L^fl ^iu-ujJ 1 ^ Lea j_i 

5_i Lill (_-<-uj l_Lo i La i '-j ^3 j 4 4_jj_Ua_»J 1 ^ 1 ji 1 (j-* ^ ^ iS 3^ tj J-^ 6 - 0 Cr^ d A 
jj_ualu La JlJlC ' ^ '^J ^j-t-ujv t L^IL>Jl_»_o <l2jj-La i *a uoj ^^^-^J * Ljj^t^-tJl ^-<s-tJ 

5_LJ_U_LJjJl (^jL^Jll 5_>JL«_a CJL_J_Lj_C. 4_J_B ^ J_^l (_3j_l_uJ (^jL>Jll ^ * LtO ^ 

settling tanks c-^_l^jjJ1J1 CjLg.jp**( . a ^\ (jjL>Jll Cj^Ll^ tSj-^ 
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4 1 1 "j-lll -llj-tl a 1 h"j . ^LaJI i_L»-J ^t!-* 2 ■ ! 1 all jljJ.1 

Lai ■ J j 1 q I gale La 1 a 1 0 1 ■ isettled sludge«<. . 1 ujJjJt,! (_L>._aJI» 

3 j mi t L^Iu^jj I j t^p* «Lt-£sL>. i-ilj-i ijr JI M^j^tllB cdjL_oJ! cjLo£L11 

^jlj ^JJ LajJI jll (. ilr I J 1 n^jjj _a^JI Lj_uSLJI L^lS j-a-u (Jjjjaj 
. 4_l2JjJI CjLlLic. (_jjl>.J jojj (_dJ juj 1 3-?^' (jr'l Mj-^iJ • U5i>^-" J j 1 n^i 

,v.Atl ^Loo liiljdj i^Jjl 1 nil Laj UJ^i ^ihS-^^' <j-° J - ^' l- 3 ^ 

I JLA ^ 0 1 njtj . Ljj-uSLlJI (_L>*J ' n £jjfc_jj (_£jj>.i C-a-U-ojJj 4_lLjX. ^jJI c\JjL_oJ1 

jUjj ^ Jmj j^cjj tactivated sludge Jo-Jaill jJ^aJI '.(J^-jJI <j-a ^yjliJI £_aiJI 
iQajj£L!l J j 1 n^i (_j-iL\J ^ 1 ir-i^fl (jjjSill 4cj_<j/ (j-o C"* 3 " '-^Lh o^l 

cjLjj£LlU (_>^jlj .sL*j Lglaj 4_ul^JI a" 1 nil 3-cljjJI (j-a Lgi£ ^.d-ajiJLa 

2 j <Li Lai j* II tiJj-i 4_Llaj MjjJI) (jlir^Vl 4_cljjJI s Lcj ^1 SooLJI 

. l[ n 1 ^Ljj Lju Laij 1. 1 1 nj-lU (_L>- jJI ^1 1 al ■ aj (jl Lai ■ La ui * 1 1 j_L>» _aJI 

(JlLa Jju ^LlU ^-Li-ajJ (( 
I <J I il Laf j J ' tl ^ LJLc I j ajj 1 aj (jSLajj j_u£ Jo- 4-uij 4jJL«J.I 
I jQ-J-SJ ii_iI^£LI1 J^-a 4-Lal 1 n a 3_}La ^j_a ^ 3 ila ij^- Cp*ji^ L^J^S ' ' 01 J ' aJ 

n_gjL>J,l 1 a a ( _ ;r Usljl ( _ ;r a ^Lvoj^I Laljj ( _ ;r lIL^ Sjljj oLJuLi/jj LJLc j 

LLfliJ . S JjJLC j»l I LgSLa-m i-d jSLII (jjs 4iiLs (J^L>. 1 n"IL 1 nit n 1 uJj 
Cj1**m i n iLa^Iu^IL^jVlj J-^'tl j Lj-uSLJI jj-a CjLa_Ja t_iI^£LII (^j-lc ~' 
jeluj . LjLC ^La tj^SLj ^jl tiJLl^j ^Jjl ^j-u '2jj ,>.«t1 _i1 ^ till 3j-o-^/l jLVI 

oLjil SjLSj (jXJj LLp-f JLa jJI JMi. £_ui j^JL 3_sJLl!I qjhi>JI SJIjl 

.jo^JI jt j-^_JI ijr 5 3j-*IuL_a L#j3j-t-aj ^ rt 1 11 1 ljL>. ^-Lu 

4 i i nj-J jj-a jQ-CjJI ^ U 9 .^j-cs^cl K 1I1 a ^JlLa-j C-t-i-ujUtl ^J^-^oJI Lat 

-lir ,>> (>SLaj dJJ j ^.L: j i4jUI ^ 90 ,j_a j-l^l <U-3 S UI 3 jm\ ojSj 
(j_a Sj n" 1 .1 a £jtj-a lLUjj .digesters CjI a i'r-iL^JI a 1 .1" 3 n V 1 o (J^uslj-l 

jHUj . Li/Lvui 4_uljjt^UI Lj_uSLJI L^ls jjjJj li^tj Sjo^j I goa (JjljIs ijo-l 
^ 3_ul jJI oLjjjSLII (j^s (j-to-jij jj^/l jljjjj^ cjLjjjSLLI 4jjnjJ,l Lj_uSLJI 

CjL^SLjJII (jS^Ij 1 ^1 jll (j-a 4jLJu Laj Jjij ' "H W>tP^' (J^ 50 

4_j_j|^_a> V Lj-uSLl Lfl>J-cl i n"-^J-Aj .^jLLlLI Lj-uSL] ijr fl> ^_a_u ^jy^II cU_a_ujJI 
icLi_a_uj iLoj^aj ^jliLiXlj i^j^aJj^LII JLu_u^i ^\ 4_jajiajLJ1 jl ^aJ.1 ^ 1 n'd-^jp. j 
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U" LajJI 



'. (jjgjJaJI jLiJ! j! ' "'I * 2 '" i u 1 1 jLc (j-ujLi j-A (jLLvU I JL&j . jLc La-A^L^j 
cJlj La 4_4jJl^J! (_gjl_>J,l ^ 'I i a a a « J C^jL£ Ijlj . 4^aLtaU p_La jJL^ajs 
^Llaoj . LgjLiSLa J j ;,-,") ^jls cLaJLa-" i uJ *CuJL>JI ■ ^ 1 1 p la « a (jLa i4^j_>>j 

( _ ;r 3j .>!^JI i " 1 1 3e i a a j 

(_L». jJ! j_«^jcJj o>S^j till j ^Ir j . LiLo-i ^Lu 4j| La£ cjLo-LSJ! j _m i n" 

. Slibjl=>JI ^jLjJtl jjL^a-a ^ 5al tail LtsLj IjJ i^a (j^jll S-^J^' 

(jjSij (ii-ijt-i jJLiti! (_L>~_aJI (j-o 3jU! j^yfl I0j 5 (j^-J ^j'j-" ^ .' '■"* t 1 ^ ' f^j^ 

(j-U CjjLdlu L^jLj^Lrt-a J i**< i ill 5j a" i n a V «lcjj-a d 0 <<~>L^J1 

Jal ui r 11 <Lj>.j.} ^ a V "i 11 j ) (jl jj^-a-ij • Laaj ^Jjj '"'^ ijr^i f*^ -1 ' 3^_ulC 
^jJI ^Lll jj-a LjaSLa pj tia^X \ (Jjv^JI ^ 2 ■ «j .j-a^tHJ! CjLjjL>. JUj-jJ ^j b 1 u3 
^ LaJI jljJilj Ljj_uSLlI! <_ 1 1 nj2 ^jf^>~ CjLjljjs. ( _ ;r 3 SjILa w axj 1 "jj JLs. 

w I c I j 1 a. I j~ V jl >i La ■ j cjLi^^SLJi! I j 1 1 j* ( _ ;r ll! tills o-^j) ^°jL2JLl 
P 5»l g£ cjI j-idewatering «.LU SJIjl ^ a < .i1j-5-lU-«JI i>j-A ir. . u-Jj 
«l j I iaJ I jljll <■ m 1 » j3 d jUr J ' - "J ' rtlirlU o^r!^' O^*-? 

rLii! *i j < 'ij-a (J-ol j-c S-sLUs! «>_L>.j_l! aj-tt ^jls (jSLajj . La ju>. ^1 

I flljj i ii nU ut'<[\ (J^->II ^' i-a a ^1 <_ 1 1 Jl*j oLill i^j^o joj . ^IfLJLl 

4-Laja> c-oe-La i. . i i tjX\ ^ j) <'<~iq\ \ jJI La I . j^a^l ji j^iJI ^1 ^L^ill 
^ i"i > jj-^- 4 ^ * ^-hi^^ JJ^ 3 (J- 41 ^^ * «L2jjJaj cLLa ^algeltHj CjLjj-C 
<_ ilr i ^L^ (jlj pLa-i SjjLiI! (_>i-»J *Ll3j iCj! r i a -»J,I (jjs ^J-^ ^i>^' Cr^ 
O-jj j *\ 1 1 j jjl^a-^j-Uj !) 4_La I ^ . ^.M -^"i . ..I joj jl^ 4jj! jJ! 4ji3Ll!I j-i^LulII 
i im a ^jLLiXI ^jl piLj-jJ . 4_a_Lir»o j^paj-iJ! IjLA ^J^-t jj-* S" ^^dJ ' Oj ^ ■ ■■^tlj 
(jl LuLLajjj t—tlijj 4j 'I i alal 4_lLoj<-JI aJJt (jj^J La IjjLla cb i n"lt 

(jjjLaJI (jlaj-ajj . 4_l3 ( _ ;r 2lj ci^-o~ jjajJ! ^1 J jLu^s i 'n /j U (_L^. ^Jl (J-o^tJ 

L^aLj 4_aL^_*_ul LiLJjLij (j^JaLflJ! jj-a ^^4 JLJ ^rJ-° QlJ '""^ J-*- 56 - 1 tj' 

( ^SLlj 4i_La_2^ Cj L iLaJ tJ 1 eJJb i j-jjLt-aJI ^jL>JL1 ^* ■ a rt ^ Jl^-"1^ uj JlSj 
( _ ;r ^- l _L£ j-a-^Lsc-ij/I (jl . L«_i-a-j- L^aJLa-" i uJ sCuJLsJ! ■ ^ 1 1 i_ticl 
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<Jlj-J La dcjL^ 4_j_il_La_jj-aJ1 <J^*1 ^ i nil (J^>* 4_Lbs_a 4_LaL_o 119^1 j^psLaLLal 

. 1966 ^Lc j-^l-J! ^-S^Ll! j-lc-^jLjJ.! - i *j ■ ^" 

^jI 1 a ^jI jlU (j-o SijLxJ! cjLjLiilla cjLijjiji! pu^j j! ^' * I SJaLU 
^J] La » II .sl^-lLi 3-jJJLII cuLLAU! ^1^. 3Jia! ^ (jLJVl 

(_£jL>J,1 £jLt-a_a ^ilaj 1 ■■" ^jt tSi^ (j-* ^ ^» CjLuiSLi I ^a_jAsej u i h 1 
JlLa JjLuj (j^JI pLc I L* ajl Qa-lLoJI (_psj_flj La lj_u£j . LgJjLu 4jjL«JI 

'■ 4 j I n » 1 1 ^ a 1 11I j iLgjjL*-a sL>JL«J. L$J *Li^L>. £_]Li^a i"i m (jl jljl! 

i ir-ij 4_jjLa-iSLII 1 " 1 1 c I * 1 a 1 1 j .«4ljLuJI . "iM , X AM cU^»- a-uJ I 4->JL»Jk!» 
(_gjl_>J,! CjLijjj-SLjJ. sLaLjj/ 4— LSI i .1 11 I . '--.'a jjj/ 4^jl mi a i"ia jLiJI 

JL>o jl ^j^" i ■■" Lj-uSLi-^Lill J.^Atl ^ Luij La^-tilLla <jSLJj .4jjL«JI 

4->JI » all jjLcajJ sLiul (jSLa-tl (j-aj i4-jjjJl!I Cj Lj J La_iSL! I (j-a SjLjJlC LcIjjI 

3JLjLj/ . -iM . "Va Ruabon Flintshire j-j I uillla SjtJaLLa qj> Qajljj Monsanto 
CjLkjj^LlU JLUs i'Jj ^U^C L^olcl J-aJiJ d ril"i-»JU (JjxtaJI CjLi£j_a ( _ ;r Lc (_gjIL><J 
Jj^jjiLJ 3juji£jl! CjLjij£LlL! 3_c|jj ^jl • a t 1 '"'I taLui <^Jj^l LajLLcj .4jjL«J! 
trickling filter i ILi ^-juipJ! 2 a taj] , U ; 1 1 (_L^aJ! g-jl i a a ^ 
I j ajj i aj 4jla (jSLal jjv ^1 4JL11 1 ,.tl I . '-^'a 3_l2Jj c^JiSLaj systems 
.cUaLiJal 4j>JL«js 4jI (jjj Dee j^j 

p j -1 1 aj j<u ji^j n_jjj>.^/! 4xLJI jllj ji-ul j 1 ntl j (Jj_LlAJI ^1 jjI (^^Lc 

, ,%,'a Lcajl i i^-> JJ-u La^ . l_L>.^Ja-u jl! OJLA iL>JL«JL g-jl < ^ 1 1 

w I c (_gjJL>>jj l. ' 1^1 -»J1 (j_a La-LseJLm^aj . 2 jj ■ » 1 1 jlj_iLi £ Lj-tC- 4ijLu/ 

5JL51 1 .ill cjLjLiill ojukj . c_JLII j j ■ a -«-" ■> air" . .n ( _ 3 ntl Sulfites cjLjjjjj-jSLJI 
Ljj_uSLJI (jLa cjl_i^£_iil (j^a j-jjSLI 3_aLu/ cjLujjj£JI ouL^ I jjj . I SjLJs 
cjLLlIjj^SLIL^ I j 1 4-Lu/LLa ^^s) t_iL>.^jj L^Ll2Xi "~ cjLij^jSLLI 2Jj^l^J,| 

Cj^JLlII ^1 ^a_ii Ia_i-ot-j^a-flJI w I ">l**.^**.jj Xtl <M , , , ^jf ^jSLajj . (Lal_a_i 
JUs. CjLIjjJjjSLII L-kjLflitJ SjLcl (j-a Jj (JLajtLl \-£i-a ^LaLnlII SJLs. 

4j^>L>. jjI ^^jj" i j n jl 3_jjL«JI (_gjL>J,l g-jl 1 a a I j I ■ ^~ . jjl jJ^lS (JjLit 
^1 JL^-**( t ^JjL-oJ C'^i i"itt . ( _^-iaL>. ^* < a a l_Aj-al ^JaXlJ CjLi^£LjJ,I ^j_a 
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U" LjjJI 



(jjs (_^L>. 4laLx^jj cjLojjjjjSLI! 2Jlj| ( _ ;r 3 cj LLujj-jSLU SJ^IljJ,! Ljj_uSLJ! 

. ®j»j-J! (j^o- 2 «* 1 ' < ^tl a Jiir" i m" j«J juici L*^ L^JSLIj i ."ill LliLsejijjs 

ol-J'o-J 1 1 1 I j j j ^ LvLcj! i_ 1 j i u3 (jlJI 5JLS1 1 .ill <-.\l 

2 Ustl 3_ujjJI SjLU lilt i«Seaoil»((j^tiI! , U A'^-^jl -^-t I ^ 

2 a \l ■ ^ 1 1 ji t 2_a^| t, Li j^hjJI vli^Jj JljLai 2_jJjJ_J| v2jL*jLtlII (j-a ^jJI 
2_j^s_l11 Ljj-uSLJI d_L^L_u^_) 3_iLc Ja a * II J i h^Gjj a! Lalul ) thijL5eJ 4_uj->J! 

c^l a II Cjj I j (_gjJlj i .i II J i aAll oLi^jL^s (_gjJI g_5_Ll1 (j-a 

^^.3 4_j_ilj_La_2JI <L>.jJLJ! CjLijSLU (jl JijJI « jj-u (j-aj .(J^jIUJI CjLc Jij" i n a 
(j^j^La iijjjj (jjJI 2 j j|j La a H oAl\ J . nJagJ VI J , nCHi V ^L>JI Jailll 
^JlLa CjLiiit-a (j«a ijr^ * ^ (jr^ J "'^1 ^_^JLc ^^Jl ^ II aLafj ^jL-uj^l 

.(^jJ^^SLjII JiaUl 3-j1«-^ Jlj La JlII OjjJI !j-4> 
2JaLL <j_a j j^l j^c_JI ^ 2 'aj , ^ ; 1 1 , UAMI 2_j^ ^ ^LcjVI CjJL*jj 
JlSj . (^JaljjiJI ^1 Ljj (_5-21j (jl (_Lt3 L3-L0 f^yiiieul] j«j Jail CjL>jij£LlU 

2_taLi '-■1^^* LojLi^. 1 1967 j»Lc ^ ^j-iJI I j-* tj-a 2JSL* 4jjL< cJij^. 
^jijJI lj^L>jl (^JaLiu ^Ir Torrey Canyon Q^u^ l£JJ^ (j 1 ' ""' 2 n-^- , UA\ 
. \_ lm jj^j IjiLsol ^Jaljji Cj ^ul ■ La a 1 1 1 jj-a (jLtlaVI <_sVI C-t-alLa )|j ij^jJLJI 
j«Jj i^j-Lsl j mi 11 ' ^^l^***'l i^jLta £^L*^ Q-aJLa-"i < nl CjLoLilU ^jl ' a - 
'"'I alaJLl I <■ 1 Ir ? (j^ i4L>-VI 5j La 'II £ Lp-L) (j-a ^(^yjl/ <La£Lr»JI (j-a I JLA (jSLj 
Cj ^bJI I J-A Jila <. 1 j 1 n_i jlj . CjLjjj£LlII (_LiC jj>. J3 (jtQS (<U (j-aj " " ' I J J La a 

jL>J,l dJI n < ..I i^gjjjj 'j-=<^JI j^^ 3 6-° l^Vf <J^ Lilies' 4jla (j^Llil L>.Lc3l 

4_o^ ^J^_uj)j^LLa 4l_u_oj Jal i u < nl jj-a J-) Vj « ^LjLa ^ j| CjLjj-*itSJ1 <Lc 1 r 1 <•> j 

1 La a ' H 2_LaLj 2JijL^ (j^-Ij .(Jj'^ ^i-^' iIh 1 S^aLCJ. 

CjLi^^SLJkl JJ-SJ i2_aj^/| ^^L«J 4jjLU JjLu/J £xlaJLi f^^j-i-aj Q^jjI^ lSjj^ 

La -II iJL) ^j^£Lu_u 

«L>.)M-C (j^Laj (_gjJI <l j « j iLaJI ^L^-lU J_o~^JI ii^Jbil jjt JajJLlI (j^ijjj 
(j-a (jjijl n t n Sj_L) ( _ ;r ^ ^1 2 3. (^LjJI J 1 a fljl ^^yS Cjj^j JL^S . Cj Ll Jj£Lj1 Ll 

jL-i_al "1 j 1 11 Ijj I a II SjLxj Lij-La ^ j 1^1? Smarden in Kent iOu-L^ 2 » Ul ^ « 
cj jie3l jlsj . t_gj mi> ^fj-a^ f Jlx~u-uj (_g j<uj/ ifluoracetamide 
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(jluuUli) CiLigjS i.nll 



J-Lso iit_Lja_i <*■ a-.O ^* tl cjLjjij^LJi.1 3_LiL<j/j_! SjpJI j' (J-«j->J,I 

CjljUall flljeJJ . L*jj_<j/ VLti Lv^Lc jjjjj (jl (j£La-U (j-o jLC Jlj-oI'ij ( nlj^iaJI 

(j_a 4jj uuJI CjIjluIIj selective herbicides uuell 3_uLaiiVI 

-^j ' 3e 1 4t>niQ Cjl_jl£Lal i-LILlAj .CjL)J)j£LlU d la )1 «l^fc_uj 4_ijjJ! jj_a 

iSjjjjIaJ! 5l1uJ! ,jjs 5u^c.jJ,l SloLjJ! jI jll SJIjV ^Wx?^^' f ^ J 

3_j>JL«_a (^Jj 3_al_A 3K'n iia -3 CjLi^SLjI! Lg-a^-Lgj V jljll (jl 

^Ir ^iilo f^jj^-'W *^UaJI cjLcLu^s (j^s 4_>oLl!I cjLjLiilLa .(_gjL>JU 

CjLcLjjv ^ ' -ilj La-JaVI li^Jt-y jl <jSL«-i (_g jJIchromate ion CjLajj£LII jjjl 
C^jL£ Uj . I_Aj_<j/Li 4j>JIjlU a -l! i c ) i (_gjL>J,! ■ a a ( _ ;r 3 CjLijij^LJJ 
jLt^s 4_al_c cLa-Laj iiia^jt-a 4-LjLjJI . "iM . ^ A II ojufc JiU, 4_slj_U.I CjLcLu^iJI 
(j^o jja-j I r (_gjl_>J,! iJr l\ 2 aj . ^ ' 1 1 I j"\l . Va fijJaJj SjLc jlSLa^M 

L&JI 

CK"^ o' • Jj^' Cr 2 CriU^A^ (JLtejU 3_ajL2il jljl! i>j-& Jla 
:^j-OJLjjJaj IjLA CjJL^_i jl jj£La-lJ . (_£jL>Jtl cL>JL*_a Jj^*^ (j^M 4-a JL^-" , ^1 
L^JSLlj " lil ala * o U (_£jLa_i£LJ1 c-t-j^Hll j-jjju CjI_ij^£-lU ^laj i La-L ev iJ7 i^\ 
(^Jl «.!j^JI jLi_l (JJ-*-^ ' *° "* tJ^J^' Cr^ ^j-" l>f^ l^jjS JJ-U 

gjl i a a JLs-V IjJJLa jl j^ilj . L^l^ j_aitll! d T~ ^ ta pj n_gjL>JLI 
jljl 3_3j_«_a U" i n_t 4jl_i CjI m i n a -sJI (Jjljl ^j^i-l 4_JL>JU (_gjL>J,l 
Claj lLj ui-LlI Jjn-jJI a " se J (jie*. tQSja I a ( _ ;r 3 O Lala-UI jl < i u| Cj^LjjJj 

sej i ii") jl JUJLo. iSj^J <j-° O^J (j^S (S^CjJIj) JlJj-II 

Laj>-L) ^!>1-«J! Ij-A Jila (_>ujJj i aaJKlJI 2 la &l Jl 3^i.jJJ SjLiail JjsI^jlII 
(_gjL>J,l ^'ina J!>Lix L^2jjJa ^j^li jl CjLiIaJji.1 S^c.j ^jU" i n~ jl iLajlj 

jJ-Ll j-jjJLi (_y^>j IjL^j' cjjutLiu j^j .jL^j^/l 

.LijLlc 3_^La tfjut 3K uJ,l cJlj LajMidland 

lJ7 Zj\S i3jjC.jJI CjI j j-J-C. '"'I a la *t I i_ i j i n" IjJLC 3K ul& CjJLaoj 

( _ ;r j5 (SjLjUI 3jLc) (jj se-LaJI Jj i ■"* CjUSLaj 3_jj^,^/| 4^,|_Li^5 ( _ ;r 3 ^> JLa-" i uJ 



. . J i aj JL3» : i_<j£! Liij Lj Jlic t_jj_«iJ! oLlo j 'I i a a ^1 J ■ aj Jl3j . j-jGj 
j-u^ (J-»-aj -il 0 (j-o 4 \u Ca Ijliil (jl I 960 J_La LajijJLA ^ j i a I il «. . 

Lijj-j>.l JL9 l_L^ l-^ij . SjLta JLjJl_Lc ^ j ' aj (jl j^j?E_ij ^-^3"^ (— ^3- UJ ^^^ri - ^ 

pi ^tj^'t 1 , i agje * Ljlj^jUjj CjLiV^JI (^y^J LlA ^* Jl J19j 

L&jLlo-Lj (jVI w « u i " 1 1 a La * 1 1 CiLg.1 'ur> (ji J TTiC I (_j-iSL!j i^JijtiLI 4LL2JI j^c. 

(j_a I j g-L>.jj ^H-i i-d_!j ^e_ij CjLajIdL^JI cLLuljj t. 1 1 t^ILllj . , >. Atl (jLj^ i n9 
I j-Aj-i (jl (_£jL>Jtl (^^j-i-o JLl^JL (jj^t-i (^r*"^ jljj^ c-t-jJL-oLi 4jj^j-a ^c£L>o d a La * a 
4 j I <i < tl 4_jjl_ajjj^/l (j-a 4_JL«J! =L>.jjJ! tfJLA £-a Luj^>- '"■ ■ J^J • 
dJJj (^Jl i LaJ (jSLIj i^JjVLi (^jUJ,! O^LUiS Jj'^ 1 4^jj£LII 
(3 I + ~ J ^1 jJI r I flli^Vl (jlr (_gjL>J,l g-jl i a " Sjji^ j-Aj ^La J^iLc. 

( _ ;r a SjLc jjjjj w aSLj Lul jj* V (J^.^J! ji (j-a jjLlI! (jliuil (jLa . 4^LLaJLi 

, 2 al U tl i (_gj|_>J,l CjLlL*c lJr £ 5-aJLa-"i uA\ CjUSUIj CjI se-LaJLI JJt^J 
jLJLlI 4 K i mi (j,-!! (^iijLflJI (jllLiXI ^jj ^jL>JL1 ^Jl ' a rt (j_o JljJjlII £\ Laj i til 
(j^s (jliJ.! J^"^ oj jti^-it l i^jL>>I! jjLj^a j< ijo LaJ j<u jlj .3_l1L^J| 

3jL>J! j>LJ! ^ SJaLtaJLi S^Jj-U! oUSUIjcuLj-MiU! ^jljilj JjLil! 

^ Iji^tjj (ji *Ui«JLi oaa. tijLjLiil! 3_>JL«_t, 3_t>.LijVI 2 . ■ 1 1 jji 

, I gale Jj 1 a — 1 1 (jSL«-i (jjJ-II O^r!-^' J-i^- lij^^' CjL*jJJi! 

( _ ;r i L-ylj L^-o-jj j< ILa .3_aL^J! cj Lg-jij uJ. I (j-a jjlc jjj ji^j ,(_gjL>J,l 
.J^Vl tjlc 3Jj^iJ.I sGjjj^j ^ ; (j-ajaLuJt ^ 'i-^Tj ,^;^-^ ) „ \l ,„tl J.^Atl 

(j_a Ojj-jSL11 ^o_L) Ljj-uSLJ! (j_a (J^.^J1 p La^J (jl (jL_ujVI LaH 1 ul 
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(jluuUli) Olj9j.V1.nll 



4laL^ujj dJLujj-jSLJ! ji Ojj-jSLI! ^J-^jua-jjjLj^/l JLujj-j^ JlLa-SJ 1 u-l 

oj^Lajj K.R.Bultin. (j^JLijj .j .tl! ^La jlsj .43^*1! <Lg I ' 1 all oLlUjJI 

^^u>JL) Ua^lV ajqlnifl cLulo ^jL>JL1 (J^*J (jl^ '-Cj\ m i u q'sJl 

jlsj .^jj in 1LSJ1 jlujj_i£ (^Jl Ljj-uSjJI 4Jjjo ^jJ! 1 ntLSLII oLb^) 

A % j it w I C J_Qjj_iSJI Jj^llijj ^ lljJJj^II (jrJJ j*JJ 1 11 ILQI J_ujj_j£ Jjj^elLl 

Jl-UJJ-o^ Jj^llsLi (_£jL>Jt1 Cj^_Ui3 4_jJLu jc^JJ • < 2 JlJ {j\2>*^jS^\ Jl-UJJ-o^ 

(j-djjj (. 1 1 11-w JLSj '^JJ 1 nlLdl CjLjjJj^ ^1 (_^aj>J! J^tlj l_Lu jj^>-JjJLjVI 

i_g jJlNorth London Sewage works i_gjL>J,! <L>J|_»J, jjjjj JLa-Ju (J\ 
jjiiilj ^u-l p-J IxjJLt^. fiLtSLIj i^jJI ^3 Ojj-jSLJI ^j-s jjJa lJjVT 

Lx-ilj 1 1 LT^-jlJ-^^' ^-i^ij^ J-*^ (jr^ O^T!-'•' (Jl n" 1 11I (_Lr>-i (j-o 1 La 

ijr jLLj_L1 ^J^^J! 1 1 i^Jj ^ jj^l 3^Lo£L] pj.'^jlt ^jlujj-oSLII ^Jjv^JI <_ 1 1 

d li K~ J^l 4_lUx. j> j 1 a j II JjLi^ Q 1 "*•"' II dlljJj i LjJ_lL2j ^j-tk^X I 

p 1 h°i CjI ij 1 11 n-»JI j^>.ljl JJ<S uuj\ 1 " CjLi-uJ^La 

JljSj . fiLL£^ Jj^Tt-i-al 1 Ojj-oSLII (J-^-« (J^t-jJ ^_aSLi La ^LijJ 
2 ) I J_i Lc-Ll>. » )Lj£J1 1 JLA jl JLcl J_) J_>. -j-* 4_lLj_»J1 ^£"lG d ' <a < <a sell 1 
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^L?e_u (^ylL^jSLl 1 j-aJtHl! L^L^^l ( oj^Li i"i" 0-qJl?-**( i a] Jl9j . mi a CjLjJLaX. 

CjLcLu-a <Lij>.LJ| alll '• 4j^^JI CjLjLLlU SjJj^I 3->JL«J.I lJ s 

Cx-ljxj CjLjLii!! (Jlr>o ^1 CjLjjj_j£L!! £ LjJjl 4-lLvC (_£Jijjj .4jJ_lLSjJI 

J 2 . dUj 1 r Sj^Lc c^jj-iSLII jj-yj i(_£jL*-aU (_gjL«JI £j ■ al I I j I j all 
(JJJ-^ 4_cl I ir-i (j-C CjLjLijl! Sjl iall <Ut-ixlall (J^S (j-a Ljj^i 

OjjjSLI! J j i a se " (jSLIj i LUajl CjLjLiil! tfj^J 4jJLhJ.I CjLjjjjSLLI 

4_*_<i^>. ^J-Al **( i n 1 V tilt-ijtj-jjjjjjj ! (j^alo-Ldl La^-^J j*i i a JL>> Lt-A 

O - ^ <3jJ-" CjLjLiLi QajSLjj_a^/l Qalo-LJ! J <<1 1 ill Li£ 2j \l , .V.aVI 4_o~l_iJI 
uu a (_lJL_LAj * L)^9 iJtU ' jCjJUlj Lka^JLa-" < nl (^y^H 3j-uj_>J! 

;Lu> ^Llil tij^j 1. 1 utaJlj ^iLjLaj mushroom uiXI 2_cljjJ 

J^-jj . <- 1 i . .mi i . 1 U (jJI (J'^' o' .i_4l«II ^jij-iiii! 

Lcajl (J^-jJI (^jlrej La£ .jju^al! I j^J (jjtljJI OijSaJ! (_gjL>o i~ i nl 
^3-jjLaj^>Jlj Zirconium ^j-tjj^jjJI JiLa Sj^LlJI j i^LulII <j-a jjlc ( _ ;r l£. 
c-xlc. 3? I I ui i" . selenium ^jj ijlj . ntlj gallium ^ ^jJL>JIj germabium 
JajiajtHJI filLvj-x I j ' sell i ol Cj Ix. ^ uijfl jjl_r»o jqJj ^ I * ' all CjLiLilll jj-* 

i 'I I ~ Litj^e-i jl CjI i j i ii n -»JI J_La Cjj^Ji cH^' CjLLiil! j i aC ? (j^ 0 ul 

,«radioactive» 3 < uJll ^Ijll ^ ji>-" . ^pJ! cj!jjIL>J,Ij cjLcLu^iJI (jjs S-^oLJI 

jJU j— l^j-j ( -5 -(*J ijL»xaXI I JJt (j^Si sUjj/LLa j^lC cLli^sLs. £LLl1>JI 

La £jj ! jl La JLa^V 

tfjjt (Jj>.| (j_o (^yijjjj . V j»l 3jLa j^jj CjLjjj£_l1.I (j^ 

jjliai!l (j^a^iir" i ill J-La^J CjLjLjJIj ^1 JLy" i ill a ' J I ^J^l Jl^J 
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(jluuUli) Olj9j.V1.nll 



.tljLjLiill dit J-l3 (jjj 4jl3LlII 

5L3LUsI-jjs-V| jjLcJI j . ((jrO- jj JjVI JLujj_i£ ,_Jj^.VLi jl) OJj_t£L)l j (jljJ-U 
1 jl 0 1 11^ fiLol JLa-" 1 11I (jL£La| ^-^J-^^J • j*J ' ^ ^ cJ-^*^^ ^-fl>-*Lll i _ ;r II 

j—^I—ulJI ^j_a j j 1^ Cr^- *^ 3^>-^ <■ 1 i nj-La J-;^. cJL^- 1 ^ LxILilS <L)j-lL! 

v^jLui^ Sjj^jJ.! SjjLlII (j-sUI! tPl ^JLi&j • U;^! lj>u(1 <_^II SjjLlI! 

(j-aj . CjLjLj_lJI (jyJ-Il ij^^Lt-^jJI ^^_alj dljjJIj (j^iLst-LlI £ya Sj-u^ 

(jljJlS (^JJ (JAp ^Lj-*jl?"^ (JljLjJtl oLi*C. u& JLa}U c_j!jJ>JI 
jj a ■ ■■ aJlj ^jj 1 nLj^-JI (Jjjj jl .«LcljijJI J-J-flJ (j-^' iSautll J-^ CjLjjSLU 
^>LaVI ~ J ' aJJ i*L>JL«JJ (J^L>- (_gjL>J,l <"«\l jjja CjIj_uJIj Cj Lijj-jSL! I J 
IjjJs jJLajj .j^till ^1 I gLu 1 u SjL^ill ( _ ;r 3 JLitUj i^j-S-lII «LU ( _ ;r 3 4-iijis-a 
«Lij| jLc. ^1 L^ljysoj I J^** ^Jr!-^-^" >J J ^-' Cjlj_ii)l (j-a 

4_Lj_i^a_>JI lillj .i.ii 'Q^-II (j-a La^JLjj Laj Ja^L-UI (Ja-jJI 4-lLoX. 

ojjt SjLc! j^uj . j^JI ^1 S^ojLJI (j^ 4jl3|_L!I 4-i£.ljjJI j-i^jLulII (jl 

Cj L < -a T L- - »J. 

4_JL>.!jJI 2_ij . 1 alj ~ , ..VI IjLfli .CjjLxj j«Jj . Jj^IaJI (_£J-U (jlr £j ■ V» -»~ 1 1 
£jlj_jl ^^-i^- J-"J (jr^aU! (_£jL>JU Cj^LUiS CjjL£ LajLLc 

<J^L>. 3-ijU_i£_!l . "»1 ■ . ^~^\ I \ ^jJI ^j^aJlJI ( _^Jaj^ju (j * j ' 1 J •iSj^— 

I J ■*-*■ (j-S^-o-J-* '• 4_LjLlu CjLjLij (_gjL>J,l . .'-->a 4j>JL«-a JjLuj 
^iljJI ^_^JLc i^Jjl j 1 11 1 1 4 . ( j-a L»j&3n l_fl>j Lj1x£. l_] L^_»_a ^J-aLtHllj ^jl_>JL1 ^_Lt-a_a 
JjLcIl j ^jlj-t I J (J ijULI CjLjLij (3^-° IjJlS jljl! (j^s cbjUao Lxjj 

0 ^IV~(U-4jJL>J,I oLkiuJI (jjs j-ul? ^ JLa-"i 1 n_ij . 4^j^>- (j^-a-i V L^-i-a Ijjj^ 
(jjii! CjLjLoj (jl . (3^1 JLxJI jj-S dlLiLaX Ljj/Ljj/I 4jLiij 1 "«l 1 <~ - I j * « 

(j ~ ** 1 ' CjLjLiil 4joLj 4_ul_u LjLSj (jjs J-^^ _5^- =>, <- 1 

cjLjLilll j<u jSLj ^1 cjLj jlUI ( _ ;r a cjLjLiill gJI ■ a a (j-a j-jj-\3 ^ I » U 1 1 j 

Jiju lLUIjj i^jij-VlU (Jirtlll <-tiLil g c IjLjj lii-p. tj-aJ^TilI d n->- i'r> (»l^l 
(I S-*-JLlJ i_JjJ! (_^>La-" ml <>SUj jl i_iiuaJI Jla SjlsLIII j^sLuiJI SJIjl 
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U" LjjJI 



jJI jjj CjIj -»JI «Lx.al£La ( _ ;r ijJ ; jj . 2^ LtajJI J)! jjjJJ ! JL>- £J^-<-u (jU^-i ^\ 
^a ^ i ' a> (j^£LjjJ idlLlLilJI (j_a ^a^^M £ JLA (JlLa ^la-m O^J^ 

. 4 mi ifrjjl ijr Jl JlJ j-o*j (j-*j 
j-a^l I JLA ' ^?'J 'O^' CjLjLoj CjLjj£Jll (j^utJ (jj - ^ (l^-*- 1 

J)! ^a (j^a J-tH-^ (J-^ ' * " ' " *J ^ JLs t-" i M i jj— • 1 i aj i i i a (j-**^J 

chlorinated K 11 £j\ '<j <j Sjj, ) j j II oLja_ij_SL!! £aj (j-a i , ii^LJl 

LLaj^s- LLil jJj (Polyvinyl chloride J j ' j a j l^xll jljj^K Jii-a) hydrocarbon 
(3i.ljJ.lj (jlji^/l ■ ah] j hydrochloric lLLjiK jjju^J! j_uJ j>l jll tfjut 

Jjjjj . Ljla (j r-llVin J-«itJ OLlLl^. (^jill sLjj-LoJ! J-P^" J^"^ 1 ' 

• ^>»- 6-° t^l 

(jj_tl CjLjLij (j-o (j-ajjegl I 4 K i"il-^La-ijtVLi jjJL>.-(Ja- (_dl_Lfl> (jLi JuiJj 
4_2Ja_La 1 dl ' j a -JJ-J-J1 i>>\j^\ . V. . ..I (jl jLlo (^ Lj-al jir" i uL diljj 
j a se ; 3-5-jla (j- 1 -^ -iJJ^ (jr^- West Middlesex 5_ojJlII j .."s . J Jj-a J^s- 
SjijLa njLvaj^l I j» * 1 a ^ 1 j la c ^j-J Jiix-iJ JaJjJU I j Juuaji c"luLi 4-ajJLa 
) S a j_o_>JI Lai »"i t ii^U ge-ll LaJI JaJjJ! p la « a L_cxaJ jJia . j»_ajJI L^-La 
'J i T" ' ' ^ -4 *Li-JI 1 a I j I (jlr ■ . .lUtt jaJaLiu <j^s-J . « ULi 3 < 1 ui a Ci^r un\ 
CjLjLoIII >LlII (jLfl dllj £-aj .(jjJil CjLjLoJLi Ljlia (J!>L>. (j-a . LjJ-jVl LaHmV 
Cj^taJt ^Jjl CJJL»J j)l '. 3jj^ 1- 1 j 1 uJ « LtLj d<j i"i a Sj_i>. ( _ ;r 3 4j>JL«J,! J-^C 
^j^S: 4_j_ijjti! i-LaJ,lj ^1 1 ir-i^fl ' aJjj jjljijJI <■ m 1 1 ~i~J iJ^uLvul (jj 1 a c 

oUlj^VI ^Lk3lj J^jgJI oL-LUj ^j K A tL 5_tL>J,l ol UI,„ tl Jl^aj 

aS J *^Jj~ 2 j 1 a -3 (j^JLi^a A.S.Knolles jJjJ . <_>u • I jlUmVI J^ujl JU5J .Sjj^jLU! 

, y, , liujl'tl I jut Jila SjijIj 42jjJa Borough of Twickenham 

I ^ ' aj *" Juu ^jjJ.! CjLiLflj jj- 0 tJU_»_>J1 ^ JLa-**i i ui . dJJj) ^_a j^^j^/l 

4->JL«i,l J-i^ CjLjLoJJLi Ljla (_ps!^>. I ^1 3jji>JI jftj 1 ( _ ;r 3 (jlj^^U 

I j I « J j Ljl£ ^s-^/l ^>Laj (jl c^l tali uilj . Cj^JjJ! jJa jjj (jl (_L^3 

j^pal jj>.V1 JL>. ?.l_u ^H-i (jl 4_LiJj-iIj ^Lcjl ^Li-iJJ cL>JLua 
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(jluuUli) Olj9j.V1.nll 



j Laj. (jjs dJJj i_y^£- v-Lh? ^-* j4 Sj-^j^- 0 ^J^yj-^LI (_gj_uSLJ! (JljUi-VI J^^Li- 

. 4j d M 1 1 oLlLsjlI! ja^a £-a icj_<j»j jojj j-oVI (jl 
I £yi Cjbjj^Jll jl 

-J , ^. A 1 1 Ijut Lij-^I I i^-l "■ >! VjJj "J 1 a sej 1 1 C)l » <i"i-r git 

«L^.jf i_s>Ll>.! 2 -i j S II 4JLIL1 JL»Jtl ljuk ^ tijLijjiLiI! Jjljo <_yl!l 

'. (^liiJ! J ' * el\ a\ Ilaj. V La j-Aj ^-^^ J-i^- ^JJ 1 ***.' ^J^-*^-" I ,". .1 
(j-SL^-i SjLa 4jV JLajJIj ' M"tl CjljoJ ^jU", , .." CjLjjj^_ui tiJLijt (jl jJljjj 
(O^oj Vj . Lu>2j L^>.Lul (^j-ijJI (jjiiscll 
d ^ I .", 11 CjLijij^LlLLi <Lkj^ I j j-^. 3ijJ<-a ^ ^j^ — tl LujJj iOLlUjlII tfJL^J 

5_i)_^-l!l *ljj 4_uj/Lu/VI cjLxjVI j^-Lj <■ ' j ' ...I (_L^->JI Ijla I Lx-ilj • 
^pJI J^LaJVI j J£tl!l oLLtc. ^ U£ iajjil (jja (jjjLJLl ajjt 3_lUj«JI 

Ljj-uSLi jljjLi I La_ii-LujJ 4^jjtJil ' iu I jl . j^iLcaJI J i aAJI LaI i i'Ii^U 

jlj_aj .-.I a la ; 1 1 ^pJI LpSLJIj oLujjSLi! 3JpjJJ LjpS_Jlj 0^!^' 

M_JI 

Si.'it jtl L-aJLCi £j£ Jj (j^s '-(.5-* ^ '"'^lj • 4ja-^J^;Ug^^ J 1 1 ^ 3 ^ ~ T 1 CjLlUx. 

4 j t nL^/l CjI_ijj£LJ.I (jl <_ kj^ 3j_o-VI Sj^iiUI Jjj^iill ( _ ;r 3 I 't^~^ V jl2J 

L^jJj-ujj^LlII ti^s_JI (jl 1 ^j^'j^j L»j5-Llla3>Vj i LijL alal ( _ ;r a 

1 4-LjiaJ I Li^. jj^u^£_ii I ( _ ;r 3 OJc-JI ^1 (J^I_l2JLj I ^■>"" <U >l i aj^VI 
. Cj Ll J_)£LuiiI 2j i ^»"aVI jLiVI >ljj 4_LoLdl oLJLijlII J[^>- S^jLilLo LlSjIjla j! 
L^jJ^ujj^LjJII j II pjk* ~ (jJI 4^j^e-til SjJajJI (j^s i_a3ail IjLA I mi 

. ^ij^la j <i" i ii i jjJ 4_iSLlj I uj^ JL^-uiXI jj'Cj i ii . j^_oVI i> JLA ^JaJuj 3j-o*j 
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»l .i ( .i^M -^J-:*- 0 tiiJi • L-o^J ^LtLjo 

t_jjL^ j La ''I (jJI ^jiJ-uj/ olal iSu^VI 
4J1 1 najj^ jl>. ijr JI L4-1I IjJ 1 (Jj-^iA!! ijr 5 cn^JLt_3 

Jljju Jl^c J_La ^ tia.2 )| jJLs * 3 JLuj 
Jj i^-iTcSij I 0^ a ' a sell 11 
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JLl^ajJL) * ij uuX\ ' d 3j 1 1 jj_a jj>. I jci^. t^l (J^-a L-p* ^^rHJl^Ti^^ C^jLc J-aJ 

3_Ljlj_jJ.I ^j^^l ;~ liJJju '• f»j-fl' I j'l taj^j ^JLkJI ^1 ^, 1 uj (_gjJ! 

Hjl j mi 11 »l a I » tl j»Lai w " j 1 1 (Jx23 '"11 3 J ''"'J iiiiLseJjU d ' a-i aa 1 1 

li^t-JLj 4"j n 1 11" ^ie-l (jVl oLsoVlj) w 5j ilaj II £c5e j II J j la 111 j J 1 ^LslufcVlj 

w JJ ' ^" 1 0 c LLuIu j^Jjl {j\ Jj 3 * 1 1 (j-aj • (' 1 1 J 1 la 1 1 i d 1 1 ^11 

V-jJ 2 "*-"n (_£ j-!l j»J-ZjJ! (jJlj JL*j*yi (jj^l-La ^1 Cjj_<I/I (j-ijj '. (jjSLj q~\ 
Jj£ (J# x - U ^Ij^l JUsillj . L#ia (<lii.J-ll ^^i^. Lajlj-4-Lal«JI Sjlj^l I. 1 J 1 n; 

di! j (^ic j .JaVl (^ic- ' aijJlb ^L*1*VI (jJI j j uij s L1l!I jlSJJI (jSLIj i Jb>. 

^?-a^1 V jj-a ^1^**' ■ « i Sj 1 a ' ijr 3 j^_a^/l (JjLut (j! 

(j 'i j I 3 \j j ' r-i 3 J ir-iiitl (J-*^>>! (J1 ^-"JJ^ 2 • jljl o! ^1 t^^~J tjl *'j-^l (j -0 

(J^j j-la-LlI ^ j a«.j ^dj^ -^^^1 J.!.' 1 " ijr^ ^■j'j-^' (J -3 U "^'H (j-^ iS-*-"' 

Cr-^ Us-J-* - ^ ^Jj a 11 SJLs. (j-C ' aJgjeJ V JL3 LuLLajjj L^^^ujj£Ll1.I 

. CjLlUsLjjJI «Ljj_LoJI jl <p3EjJI »LL»jSL!l _ji 4£JJJ>JI cLlO-iSLH Ll^jJj_LiJI 

. 3j_u£ 4^ JU Ljj>- jj ^u^S-lII ( _ ;r 3 i_k3jJll ^ 1 iiajj i_3^c I (^-i-i! ij^' 
w 1 C lj^^J_a ^-Se-ui L-LjLta-Jj J ^jl . LaLx-l ' ^ J 1 x dJajuL>d\ ijr 3 j-a^/lj 
Oul^ Ji^J .pUU jaLtJLi CjLajVI '• 4_uj/Lj/VI iiLaj^/l i n a 

CJ^I *\ l"l U J^>. Lij-Lc (^-LJJ-jJj-U^-dlj jJ JJj_uSLJ I '"'I "1 j I "j 

j 1 'i "'j-aJlj O^-^iJ- 0 ^' «L«Jl«JI '"'I "1 j 1 ■■! Si jl 1 nil j»J^ (jlr 3 j 1 nLm^/1 
(O-LIaJI ,j_a ^(j-Ji Jj-SJI I j-* (jl^ (jV-joJUJI Ijjl^ <j^'^ L ") O^J-^-Wj 
I JLA (j^s oLLliuj^/Ij Cj LLu^vIjJ I ( _ ;r 3 <b-aLjcjj (4j i_3j_ulj ^jjs.^/1 CjIj i u i-rll 
^ 3_JLL«JI i)L=tjVl (^Jl Lij-laj .dilj^ (j^l ' Vajtl Jju («Jj -(jj-^' 
L^ujjjaj LuLLajjj ^1 LJl>. j j IaJ t^jl J '"H ^J-i ^rl ;: ?'-5^-5Th 1 jt>^T!-^' 
jjj I J-iSj LJIj_Luulj (jLiLJIj Jlj^oJI (Jila Ijj^vLi (jlj it_!j_>JI JLLa U i) a j 5j 
(^Jl '-■ S j ■ ■■ JL3 4_i£Ljj_aVl SjLai_Ll.l oLjVjJI (jlj JjVl p ■ "^'l j^JI ^j-fli 

.3jsjl2II 

^1 JLj (_£ jJI ^j-r ir^ill (j-aj . <>J^ J-°^' ' J lJ -2- 1 f 0 -^' (j -3 -? 
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(jjupgJgjjgjS^uoJI so JjslaUO < n ;S : &ojl3JI oiiSgJI 



Lg£jl uu (jlj 3-ajJLt.l ^1 3_iSLjj_a^/l 3jlxj!! cjLjVoJI j ■ ■ ■ (jf t_iUtc^/l 

3_u_uL-u^l illbuj^l ^ ^jill J-dsj-JI jj . (jlj-Ji.1 I j-A^ (_£>>•' Jj- 5 3 i.n^LUI 

(jK i .1 II Lg-j-a 3_i£Ljj_aVl Sjlj*jII oLjVjJL^ 3Jj.s (^Jc i^cjj .4jUJJ cLsLj 

2 aolaJI »l air (j-a j-j^I I-5J-C (j' f^^*-*-" "Lil^ ^'J- s l?^ r 

. joJL«JI ( _ ;r 3 iSj^~ ' ^J-S 3jl 4-a J-23 La ("-^H^-J O'S 0 ' ,5^ ^r!-^*-" 

(j-^uLtajj-A! 3jJe-ia j-o^/l (_y£ (j iul^ dJJj SjLaji! cjLjVjJ! J-tij j«J (jLa V 

SjLxjII CjLjVoJI jaUl <UL>. ^ylz. j-a^l (j uSIa m Lajlj . j<utj_L«J 

2_u-uL-uVl CjaJSiJI JLa-a ^ S-LaJjJ! L-SjU-tLa lillj (j-!! ^LsL^lj . i iuJ 
( _ ;r lJI 4_3jjlJi.I (jLi ^i-cj-II ^j^" uu V liili ^Ir j . ^sJLuJI i n a 4o.Lla 

LuLIojjj (jl jj* 4j p~3 ' (jl i-t^j lS'^^J • ^^^^^ iiLa-j^l t>J-& L*j^j3 
5_iSLu^/>1^ (j^a-iiJLill J ____Lll ^-is jL==jLi LaLjj^j ^.iJI (jrU-mlJI 3JL>. Lai 

(Jj.--._--t. 3_l_*__tl CjLjVail j-_j__uj_JI £_3_i (j-J .'T ° ^ *; j" 'I Lu^/ (j-a 

J-SJ ^j_a_«JI (_ji--J • LuLLajj-i (^ L$i)l (3^-" La r-Lub j2 ^ 

j«J (j_-__L- : -Lfljl n't a J_-La-ll LgJ (j-i-Jj 3j->. (J-3 I £_OJ (j-a I rl uia C-J--' 

S liUIa SjLalil oLjVoJI ^ oljjtilj (j^ib-LJLi 
a ril" V a LjL>Jj »l al«-llj 3jsjSL>JI JL>.jj (j^-u-ul j . nil JIJjjJI I jla (Jjul/ Jl2J 

ljr £ iLa-Uslj S-jLj.'i/La lLL) j J-aj . 4_i^Lii/ j-^c 4jL>.V! oils j iS JUJLc (jl-uji 
.(^jjji A^^J^ujj^LlU iiLaj^/l jajJa-u (jl : Lia.jJ^-uj^ 'C j nit 3 ^ujiajuji 

; (((jr-IJ ^J)) ^ I f L^jJj-UjJJ^jJ,! (jl (^yJI J-J-'J'I (^yJj^J i. u-uJI ^J-" (J^J 

(j^a j—lIlSLj ga I (j^a_o*^a-uj)j£LtXI L^jJI ^LL?c_i (^y^-II CjIjLjlXIj 5j j a* 2 1 
i_ijJLCj (jl .jtuko^ejj 4jjjjJI «Ljj_LflJlj f.\ ■ '<a a 1 1 »l a Ir L^jJI ^Ltaj (_ylll tiJ-lj 
(J_a_»_) Lx^. ^^u^J ^ J a II 1^ i**< se a (J^-a-l (jl (j£La_l ^Lj_a 3jL>.lj SjjLLs 
Jo- ( _ ;r 3 1 ^jtl^'tl I."' i dll j • i^-i! J-u-u j uig (j^Io-LJI (j-a (jLljLa 

. ... la.tl ^L^VI ,j_a SJLv 3_2_lSjJI ^ o! -ilLaijMJ 4^^a L^jlj 
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(jl 1 11 iVI £^>.!j_j jjj . 4-^^a-LjJI t_ij^el] a 1 aje a (»_aJ-!l ^H^-^Lh 1 O"^ 
(^-Sj 3_JL>. aJJt (jl .J-jj-jJ SjjLa^s SjJaj i_ij3ail ^1 jJajj *L»" 

(j-CL>.LjJI (j_a 4j-U-lI3 CjLc ^aj^a Lo* ^_ujj£LlLLi a j * 1 j i**(-»J.1 I JL& j^lC 
.CjL«_aL>JI ^1 1 .1 q|j Cjtj.jIiJ.tj 3_j_&jJI CjbtJ^I Cjljjlita ^ 

^ 3 1 nj\>Jl i_3jLkJ.I j»Jl2j j>l 1 .iVI <j£La^/l OJLA (^ JL>.i jJLflJ 

^ n I * II a ) aHj I (j_a <JJ-& ( _ ;r ^ i_l I (jjLtajJI 

3_jJJL>JJ Q-r ill JjlaLLa LLb ^Jtla La jjjj JjJijtJ (ji tail 1 --1 ^aJ (jy^>* '^^J-*-^ 

■ i. 1 j 1 nil C^c-ll (^^JOiCjJ .3j_^>.J *J-^ 

4<Laa£l>JI I J^l^ ' uU olj pJg rt w ^ iC"t1 <"»! *V1 ,J (jl 

'\_)_ui-^l p I C J aLdl O Jlj I j~ ij ^ i 'Lljj" C,cJe-J O 1 11 1 11 G Jj3a 

L^jSLIj i«L>.J (J I n~w t (jyli^. (JyJJt-JI I JLA dll I n ( njj.1 j-*-^ L)' (l)^- 4 - 1 ^ * lLLJIj ^SJJ 

lj_a (jl Jj aj jJaj .3_lUjlII Cj^iSLjJ.1 (^ic SLukljJI i_3jL«J.I <Lj->>j 

SijjLA 1 im^I ^1 ^LLaj Lijl ; aSLj V I jla (jSLJj '*>Jyj-' L° ^'-^h'j 1 ^ 1 1 '"^ .' 

JJL23 La Ij-jL) (j-^ cLL&ljJI i_3jLtil (JjLuj CjLaJaiil aJJb lilj . 3jLjJL>- 

»J " CjjI I jlj . 2 ''-jj c 2 j ±j. I r SjijjL>. 4i3jjui jLClLiI (jlr 
Lb-Li (ji ^ia ,3_t>.^JjiSiII L^jLaLilitl jjjia. ^ dili J»ri" La LJLta 2_3jjJ,! 

a J 3eJ 4 j n its^fl 4jlILi 4j3jJta jL^-jjlsljiaVI Jj j i n ( _ ;r IiC-i> LlU Cj^Jj ( _ ;r 3 
Jj^ lilj i L^jajeJj VI LaLaj j^-jVLs i 0 „nu\\ SjiajC ^ S^LIaJI J21i 
p**' j I ^jL-ojI I jl^^**'l * ^jt ^J-a^/l p3 i LffcjjIiJ jj-^ 3 J-*^^ 1*m mi ^J^ULJ La lj^Li£ 
3LaT J 1 ^ej-^jj^-^JjJSiJj ^1 JLus ^JLfllll Jjj 1 11 (^-pJLuJI (jl .4i2LtaJI (_Lill 
( _ ;r ^jjL^VI »J ri"i tl i_JJ_aj Jl ir^ll (j-Lc J-Iaj (jl jJ-iJJ «jLlo.Li 43jiaj 
d *ll (^jJI (J^J-aJ (^y^. ^J^aJiSLllI C^taJI (^j^£ 1 1 1 1 1 1 1 I JL^Jj . <Lc ^jjs ^_a 

(jjJLaJtjj pj (jj i 1 ntl (jjs (jjJLfliC jl I JLfliC La_ii5 ^LoX. (j^lajlj p^i2 . L^>-Lljl 

. LujJlj »1 lij i nl J^J-ft-J iGjju 
Cjlj_LljJ,l ^ ilLstJ^I (jjC: JjUtl VI sj^^ii j^i (jJI ^ ( .-i 1 nt j 

(Jyi^ (jr^- lSJ-^z! LajJalj ^jjJLi j uuj ^iscqjl (jl J_La (jL^ I jLfl a_LC.LL^aJ| 

(j j *C j , 1 1 "q ^J_)JI J-a^l (j 1 ^ * .' uli J-""J 

pUJJ i4j>.j 

jj^ju q\£ La^-,3jjjJI ■ La j U.L>. (jSLIj .pjCjJI CjVLaIo.1 (j^ tiJLijt 



(j-aj .(^H! a j a 5c " LI (jlsjjijj La Jji ti^txl! 4_u!j_us ijlul£j , 2j \l . .V.al 
A Jlir"i 1 11" Lijj_2j d i 4-uLtajjjJI CjLcLu^aJI (jl Jj-2-i (jl (Jj-«JI 

.CjI M~mitl ijja <LuLulalll L$!iLtj| i. .Ir ! O J-ilL-J jJa iZj L^S-il I 

Cj^L>. ^oJ (jy^>* ^* rt I ula I o c a ijr ^Io-4_uLLajj- ; J1 ( j_u_uLalLi-( jr Aj .(j_fl>ljJI 
I jut (jibj CjL«-aL>JI (jl jJLUJI j ■ " (j "J L»va j-uic! ^aim Ciljl *^l 

V (jjijjjGJIj se < tl (jl 4 a r 1 j i ** ' i"i ii ") JL3 f.\ n n ~* Sjj U i .1? (jV jo-CjJI 
i^-jjLla-a (j-Co-Li I j-i jSLj (jl j JLb (jjjLLaJi! <jl-<-uj JlU (jl jJsl^Jlj . (j^ ir-iiin 
dJLLflij) .(jjjbWa (jljj/jJLa (jjjjSLj La Ij^Ll (JjLZJ,Li (jjjLlaJkl (j-Co-LJI (jlj 
(j 11 j Ij-t^-La-tTjl IjUjJ 4_Lusj_a ClUI jfu < 11I (_Jjj>.^/I J^LJI ( _ ;r 3 La£ LlJ^Ll ( _ ;r 3 

LgiSLIj '^Lo~i 3j»51j 5ujl^L>JI iiLtjVl QaSi jlsj (dl! j£ i_.Ji.Vl ^.Lc j- 0 "^' 

I c LjJLc. »l a Ull L^j (j ^ j *jj i3*Lo£ 1 ^ j I a f 4_aLc 4-L--U 

(jaSLj (jl j-a^l I juj-I (jr«-^-y .(jjiJjjGJI ,jjs £-Jj__ll C__)J (___S 4jI^JI Jjj i .1 

p j U" II (____ (_j^sj_aJI S^LjjJ c_VjL>_U (Jjljj LajLuLS ..__)l___ul SjlkJ _dJ_i_> 

(ja-ual (j_a (j^ijjjJLlLi ^j-Sj (jl c-cj-j-^-Lj^/I aJJt (___) J-S^/l (___£.-(__- L«J I 

jo^jLcjjJsj^j Jl irVtl I jlt^j (y> i.^.t j II Ij-sljl I iLa .(jjijjjQl! jo__j_o_j.I 

(j^s (jSLIj • lii! j (j-a I jJ- C a T u (jl 4jaj->J! "LaLgJI jjjs^/l (j-a^-(^ ^"1 1 1U I ^jj Jjj) 
a I j -1 1 I J \ t mi (j_a (_^ J_)l (j^_) ^ ^_jJ t ^ aU H A J-SHJ I 4_a^_a edjIL) (jl 4^La_>JI 
3 aKXI CjWI JIaj (jl 3jLc (jJjij 4jV 1 Liiajl LjjL^sial j-aVl <_>ujJj -tjj^ 
. f^AjuM (_Jjj>.^/I p j ijJI • u|j p^jlj-UsLTe-a Jjj ( 11 fjS L^jLaj^jl ^aLCj Llu 4ilaLc 
i£U£ j-JLiA 1 Uj 1 11 j* sU£ ^_4xisjll I JL^J ( _ ;r UsjX. (jl tiJj-jl (.j-ijl J^^l tr^^-^j) 
ti^=_JLl (j-uijll,! (jl !Jlj^>. plr Ij i3-«_aL>J! «^LajJI ^.cjl V ^J-Ijj 
(j-ujjjCtll ^5 p^jLi£,l (j_a (jj aAselb La «L*_aL>Jl ^£ (j\lal_»JI (j_a ^ aUTI 

Jl «**i miVI p_fl> (jjJL>.Li p3 ifiLujILlLi Lai a**t ft>\ J^l (^jJI L^aJLpe_i£ 

p j *^ (J^-^- 5 liiLa (j^-Ij • ..(jSLjJ .p-^i d 1 1 n itLl (^yJLuL^J I (J-aJtJI iLj^j-pJU La_l 
(S (j-uJjjdJI ^Li£,I (j_a 1 ^A^-^tl \jjt, JlLa p^J ^Lu V (j_)jJ1 p_Aj^Laj 
j vllajaijJI JLtcjs L^ljIo.VI (jJI ^CJlJ J^LJI DjJt ^ 3j*.L>JI (jl 

cjLsljVI aiut Jil SjjL^siaVI 4^111 ^ j_iSLoi!l ^a iSj^L^^I 3 - ■ . ^. 1 1 
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(jLuiUlg Olj9j.V1.nll 



CjL<j/!jJJ! i_i^LLa t-tjjjG] Lg-al Jiitii-u! jl tfj^JJ i^j-II J-iP' Cr^ (J-^J 
OJUt CjLx_iVI (jj-SLj i-djj-j <_Sa_<j/ t—iLlSLI! I JL& (j-a 4 a 
(jLj-S-jj La ijJLijtj . CjLi^£_ii! I jj'a j j Laj j_jjJI 4-flJgjJU Ljj>-jJa_iSiiJI £l ^jLj 

1— ljv SLj^JJ I j ^ * ^ ^ i"i m (jl Lj_a!jl>.I .j-xVI Ijla p j La ***' 1 

£_a C-i-L > . (^j-JJ 1 i f 3n O-jj i S[ tl Ljj—lIlSL) «L^_al_jj-) ^£ j J l gajj <l * ^ < --^"aVI 
ftt-J-Sj ,_£j^5.Vl 5_2jjJaJlj 3j 'I . V.aVI S_uutV! o!j ^jjs-^I oljjj£L<AI 
J , i J^LJ! tLajl ^- c jj- a 4\LjJi~ua 3jl>.j 3j_<i»£. (^yJ-ul 

' i* ' j 1 1 (iJi9- <J -^W J Sj i ii" (jl (jr^.) CjIjlaL>J! ( _ ;r 3 o' 
L_Ua_]| J q ni I ^JL? i"i a ^£ l_al_a_l 2 « \l , .^"aVI Lo*^^o-UJ^£-lL ! t lj1^>. 

ij^jjlil! J i a all 4-jL$j ( _ ;r 3 2j vl . V.aVI L^^^-uj£LlU (J1o-j-<I/ JL2J 
_j-CjG 3_j>.L>. dJLijfc i."i i ii-Jj .3_«_aL>. 3_j| (^ (JjjjJlj V £_j-Uajl! Ijbk (jl 
J j aj (jl-^JsljJ! ( _ ;r i J . aVI j .cLjjlaLv c ^>-j-5 (jr^- J J najell «UjijjjG ^1 
3_ja-L>J! sLuijSLIIj jJ^-u jj£LlU ">Ji-^>. 4-La.oL^i Cil jril-^j al nUtl 4-lLc 
(^Jl «Lj-3 £_!L»_a (JjjLlI! aVj_A (JlLa (jl LaLa_i ^-Ual ^aJ 

j» ^1^. alj-ii. <_jj jj Li£ _aJ La^ J-°^' 3^i3 • f ^H^dW Cr^ J^h^ ^ J> " 
(J_a_»J! (j^_) !j)jLlit_l (jl (j^_jjuj! JU£, p fl-^ L^LH 1 - 1 t*-* Cr^^^ <- ' i nL>JLl 4_o* ^allJI 
L_Lli CjIj iXLjjJLj (jl Laj ~- 1 I (j_a (jyjL^ J-t-ai (^Jj-A^tjj) (jA_3lj-t-£5 ji (jtj_ojJ_a 
( _ T i>! . (p ^"^J-*- 0 O.Jr'J^d C<3 r (l>^-3 . g^±LaAJ I j-a^l I J-A (J^-*;! j»o-2j 
4jj^jJ.I CjUsj^U J^J^ J(j»a Lai ^LLso J^LJ! ajjt (jl (Jj^i-I 3j_a jj^l 

(^jJI ((^j-aa-aJI aLjj-Lilt j-jUje-a jl <LixLaJl CjL^t_l^LI (^j-aaJLl! JL^JtXI d i ui l) 
CjI i ♦ i"il ^ i "i 1 (jSLa-l *-Za_o* cLdJHjfc_a Cjl_»_aL>. ^£ Ci-r \ \\ Cj!jL>.J (j_a d^C i mi 
■ ^ a Ull ^j^jJI 4iLjiaj-4-aLc ^aIL>J,l (^ j-jJj La^-4jjLa_iSLII L^^Ja-U J(_)£LlL I 
SJljs-j Jij^>.j_i (_,-CJ Cr^- LjL^ (j-! J^-' ^ ^ '" 1 11 1 ^J-Ij C^j^ I jlj 

l_o^ ^.ujj^LiXI t ui (j-a t uL>. jjy^G- Lglal uiJ j < ^**' 1 > i La a3 3 Jl>.!j CjL^t_il 

j y j 1 1 tfJUt ^L- J^J-»J (j-a (_L*J1I JLo^^JI J jjt LI (jlj , 2j \l . V.aVI 
«La I «Lal . fi Lj^>* ^oJ^ j-xj I * )j-_>JLi ga j se * La_il-LaLa_j % m Jl^j a 
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■iioiej (jl (j^f Lo-C-s L2jjj>- L#l£ i." 1 1 njlj-Cjl Jj Till (_>iut-i J^il i_Sj-<-uj Jj 
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jVI (j'-t. <_jLlS_II I jut ^ I ' i oij? I "<U mi jlII 
(j;^ mi i \\ i "r U d 1 1 n itL] cjLijj^LiXI 4_uj_aLj 

3Jb. ^ U£ i_i£jSLJ! ! jut (ji^: (jLvoj^l j j jt=> Jj^ 

Jjl i"i '" J .3_LijJ_l£Jt i-^ol^JI (jJJ^ 

itLo.^/! j^iaj 4 1 1 nl i ii CjLijij^LlU ijlSLa J ■ aAll 
4_j^>-^j L_Ajj_} «L_u5_Al <JjL^t_i (_3^j_o Li^ 

j-SLi e^Jaj 3 j <iUII 3JLi>J! J^s- d'ilr I (_gjJ! 
V (J-SI i .I a (Jjl i"i i ii Lijl li^p- '. jjIjJI J i II ( _ ;r 3 
^ **' j i L_^_t_u LoL) t 3_ij^7clllL ^>SL^_) 

j i ga£ LjljJ fallal C^jlSj Cj1jL>.Lj «U_u_uj d a < a * 

. 3ijjjtll j_lsL>.^/I (jj^Sij J-l3 (_^i>- i^tjjLlI! (_)_La La 

(j-o u i<il_U Jal i I* i . i L_l ^1 i ii tVI J i "i i"i_i LaJ_t£.J 

l-SjJI (jLi! I ; 3JL>. J_a^. 3_L*ljJI SlsjjlI! 

j j C j j ' " agll ^_u-aj ' 4gJ^Ala M?-Jj^ '""^ ^ r i ntl 
.i_SjL*J! (jUaje-lJl t_jLl cKl i uj JL>. mj-IJ Jl£jjJ 

I ^ J Ml (J^-S-l (jl ^J^**' I * LtJl LiL>. (_^U_&jJL1 Mltlj 
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(jluuUli) CiLigjS i.nll 



L^3ljl£_alj SIjtU I * i j' a (j-a jj-UiitiJ! (j-a J-a^l <1>^_9 'J^^ 

fiL_j_uajV1 3l_j_>J1 2 tj A U (J^>- LajLu ^^SLa-i 4jjJiaj 5_it ^j-JJ < ^^tl 

) S li « j ^ 3li i ■■ a Luj^ t_<S^SLll I j uil c (j^' 3jHaJI i>j_«jtj ( _ ;r i£.lj 
j— a_*J1 »l o WTI ^Jii-a ^**t M i njj . ^^£11 1 »1 o lr j (j^-o* ^J^_j_>J! 

Jl9j ' *JJ ' ^> (*^J Ij-Aj . ^Lc (J^-lLo l_sVT d i ii ^t_u ^^J-JI J- 4 -*-^ 

J « i n U jj-a ^e-u^o I (2>^J f i ii 1 1 jj-a dA- 1 ^-^ CjLLa_i S-iA>Jl j-*ulI1 jjL^tlj 
ULa-Lm ! jlj J .' m-ll (jj-^ L?J-^' d 1 "* '"' J' (JLCo-l 

j_LLo! liijjaj Sj^icjjJI Sjjjui/ LtdLul «<Lx^jLlI!)) olLsj ^JLi ^^I^jj 

OjJLs-j .jLiejJI 4ajjt (I 2 JLj) 3j_>JI <>Lii! OJLA JlLa Cjjlitjlj .4ljLJ! oVjX\ 
jjLa-"i i .1 Chemical fractionations) S-uj^jo Sj^L^j^ cj! jUr Sj'iitl ojut ^ 

o\-A.\ (jJ^Sill 'LlS^ fljjj i aj CJ^J-J LoJLi^, CjJLs. Lxj VI p~ j ' (jJj 1 1 J l£ 

. Lijj_iLj 4 '< i ii (jj J 1 a i—sVT 4j^Lj J_lo ^la ■ ■■ lJ7 ^- jJ! sUjLjJ! 

j j se^aJ I CjLlj^SJLJ ^jLi_jSL11 c_t-i^pJ1 jj- 0 ^ ' ^ ?' ' J^^**'*"' ' d>^-4-i L-4-i!j 

o^j-JIj ^jjLl^JI) SjjLlI! cjljLiJIj tj*^>.jj~ul\j (j-^jij^^n j_ujjj£j 

Luj-jj 4_aj1j <L)JlCj i edl_LA C^jI^ L^JJ *(tJL5-y>^^ LJL5-^1>^^ 
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jghjJI ijS CiLigjS.i.nJI 



\l , ^ a-. < 1 1 ; /V j«Jj . 4_j_ij^SL1I <Jlilj|j ta JaVlj <Jj-^' (J-° La$Jxi La 

d * miVI < t-Lcl l^J^ ' OJljj^ (1)-° 4_dita-L£iJj 

<lL2xuiJ (_g j-JI ^UmiVI (jL^ di! jj j ^.iflMitl I jSlU~ ^pJI 2j-> . „A", ,11 Jj^a 
.^_J1 4_jJLc ^Jt \ o c Lal_a_i I ajgie ^ jug miTI ^jja ^ysj^\ 

t_jjLjtl!l <j-a 4c >!jj>.Li S.L.Miller jllja .J jjj^jJ! ^La jlsj 
(j-uj iH.C.Urey. ^gjjj . dJ . . ..VI j_ilie_a 3_aL<fc JjVj cjti L^ajLlj 

d i se mi 1 fiLAj-j L_j_]^_aV1j c/^-JIJ J-sV1j (jLILlU ^j_a LlLsj Lla^lV a ^jt 

LuaLajvtj ^jj ■ LU^La^l (J a Mil 4jj_U^jlI1 CjLi^j-a jj-a ^-jlfi 4_uj-^ 

jj1^>-j|j J-jVI J_uLuj/ jj-a (J_lLoJI L-ijjJai cLajLuoJ! t_!jL*jJI oij i-JjLjo 
CjljLiJI ^1 Ijj>. jaiaj Cil ii i Hj-aJlj (j-uvjjjuV! J-ujjj^j hydrogen cyanide 

3 < mi VI (ji Lj£ .<_^L>. £_j_Li <Ll>J! CjLoISLJI jjju Purines CjLuj^-Lil! Jfla Lg-La 
4j^_iimJI SjUI (jJ^S^j I i eaj I (_LaLc-(_dJj (jx. \l ,^'a-2 j-^. , ..A; .tl 

w I c . ( _ ;r jlj_jJI _a->JI Ltjy>.j JjjUjcj (jylll CjljLiJI Ja^Li-l (j-a 

Liiita (i »l i h-v » OuL^ Lajj-sLiic. 3Ll>J! SLjSu (J-L3-t_i£aSLl I I JL& jLxj (jl dJJ j 
electrochemical ^/'Im/u g^ll Cj^LcLilll J« aj c^jjSLj 2jj ,%..tl jljll (j_a 
^jj_aj jLa-JI i.~i-»- 1 ir^ij I J-* o^ 1 photo chemical 3_j_5Luij£ ,j 

4_ljI j_A^L!l Ljj-j lTiSLl! I (j^s j_uSL!l ^ilLa I jj'a (j! g-jla^i ' (^H^' 

oL^L^ 4j! Vj Lj_uSLJI (JlLa iJJLlA fj^j (J^3 L^^-Jtj 
Clj-^JIj Ij t L^J-j-i L*!^ lr Lfljj ^ij-l' cit^ljj dU!i (jj^-j *l£>^' c *-^ > ' 

^j^SJu 5_j^Li_j^ g. Cj^VLc LdHJLi JJ-4-1 cLo_lS_>J1 ^3 0_iL£^ jL*_Ji ^jl JLl 
Jl£^1 (jl c-oejj . L^J j La> V 4jj_Ja£. (Jl^eluj (J^Lflluj L^J^L>. jj-a 

« Lui-3- )) «L<iJL^ ^j-LajLJ V (_^>- 1 *-^>- t us * ^ L-4-ij ^ 1 jJL 1 0 JJt t 

L^Io- jJLo C-i-Ij jj Lrelu (2>^J L^IL>. jJLo t JL^Iuu ij7 lJ 1 j L?e_J Ij . LaLs L>. Lc LlLsj 1 
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(jLuiUlg Olj9j.V1.nll 



• Mia (j^OaM 

(j^o (j-LJ^Lj j_La Jjal C^jl£ JLilo-VI 3Jl_Us J-«-Ij • 2_j|Jtll Jj' ^jJI 

Oul^ (j-*-" £ ^^t!-*t!^ f.jjuaS I J d j**! j -1 j^Jj gSHI oLlUjlILi (jljjjiJI « LSI (j-LiLuJI 
(2>jjJL*j Oparin Bernal JLj>J cA^Li *— 1 * 1 13 J CjJljo 

^ I r Cjj_£j_3 ^ "tl-5jj II S^LLI (j! < iu£ njjj-i-Tj pirie (_gj_uj Hadladne 
dol 1 " ' I I j-i-J&J *' (j 1 c CjljJa I 1 *ajl jl J J "*• ' "* 1 1 ^Ja ' "I 

Lcjj (jij '^^j-II ^-d^j-*- 1 ^ ^!- :>, ^' SjLil cjLljj^>J 4^jI hu cjLljjj>. (jj^Si 

^ "1 i"i 3 Caj 1 11 SijJ CjLljj^>JI OujSij jl '. «GjJL>. (jSLol (_gjLijSL!l jjlalll (j-a 

• 4 g j 1" i ~ cjLljjj>. »Lb j j 1 ■ ■ _ < " jjLja L^la er^- Jb-^' 

C.L.<_<iJL>- 1 (jl (3-a3l L<uj_3 i JL>.lj £fj^>J ^ a 1 a <UloL>JI ijJLfli ^ 
S^jjjja^s jl «(_gj^>JI I JJt Jil (Jj>-Ij • 4lol£ <icjjaJ*_o ^Lul ^1 Cj jlj CjLjjj^>JI 
(^IjJI jjISilll (_gl .4_l>JI CjLcjISLII (j^sl^i. (j-a 4_uj/Lj/I 4_li^>L>. CjL-uj_>JI 
(jl (Jj^ c< i~u^\3 j<u ojjSLj SjLjJlc 2 -1 laj? (jl 1 'I A . Self reproduction 
^-Lo d 7- '^" A jb ' "I («-> (jl 1 «j-<l aiajVI Jo- 1 (jSUj • L^-i-o Jo-lj j ■ 
(jjs Jjj"^' tr^ ^Jj 1 iu II ajLU (j-a ^LUI ^t J-ir"i 1 iiLt (_£jj>.i tLoJajl jj flla 

.<Gl j sLc^j 

4_ijtIa_i_o ' a i I ' " * ^^^tj-SLo-Jt (J-t-al (J^>* 4\ii\ i"«Ijj la 'tt aJJb (jl 
IjjI^ (jlj (J^l 1 11 U oJLA (j^JjLuj (jjj-J! »l <i U II j^^jJI 4jijLJu 1 IjI-SjujlJu 

(j^lj-jjl (j-O 3jlj-_>JI d J q itl ^j^* Jl Ji£^Jj J_^£ . (J_Lt-£5 LfljJ I (J^>- (jj ^l**'"" I 

jj^Ja (jJI (JJ| MjjJI ^jLijSJI (jljjii! j J lo»$ ^LuiVI JjLla ^ 4jL>J.I 
(jj^Sj 4_usjtl (jjj 3- 1 j 1 .4_l>JI SjLil CjLljj^>J 4^jI miU CjL5jj^>JI 

(jjilj 2jj It 3jUI (jja CjljJajs ico-acervates SJlcI i ..U CjLt^ajJI 

p a ^. ^ I C ^i)^ LajL_t£, (jO_ut (^jJI p 1 oAjjjJ ?m 4_t-aL>. t—S^Jsi 0->»J 
(Ji. jG t ^_uaj-flj (jl (j^jj>. I ' ga a * L-^HJ fi t_J- > ^^ ^ ^^J^ri^ , 4_»_ilul (^j-^-S i(j\jt_a 
Ji^ 3ji>ijVt oLolSLII (jjSj (j! JuLp 1 uXI (j-o (j-^jJj • 2 -^V Sj2JI 

1 JLfl> (jl^ (jlj r* 1 ' all (jy^ jj>. I (jL\-« (j_o 4_Lol^ tf t_o* 3^La (j_o l_AjjJ_l Cjc.L>. 
(jjc, t^-i-? 1 ^ ^ <LiSLlj 3JI 1 11 1.1 (jJJ LaJj jjLi j-ii. j»jjJI 
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jghjJI ijS OLigjS.i.nJI 



lj_A (j_a I— "-£*J_& J-j^AJ (J^>*l (j-^'Jj^l^- 1 ^^-^J .3l_j_>J1 51 ui\ 4_lo_j^ 2JI i ii a 
4-iLliL>. 4-uLa 4iLu ( _ ;r 3 La 4-2jjJaj Cjj^Ja JL3 CjLoLSLJI jl w Lc -J i aAll 

jL£ J-><-!l (jlj iJLaj-JI Cil a j i ii-vj ojaJI J LaJla 4 u ■ a II jljJJ ^Ja i ul 

L£ (jlj-«Lu! JjJI CjLcjLSJI jlj id_La ^iiej jl 1 "^Vl <j-a (Jji* Cr*^ lSj-^"* - ^ 

L^jLuc_iSj J* I «*i 1 L^-ts cjLj^SLlU i Cjl3ull& jl9-L^J1*C mi! 1*m uj p W 1 V 

SalajJ I C^Laa. JLSj . «L>.LlU 2jj .*-»»tl jljJJ (j_a Lgjlji Cjjj^ L$j| i^-p* (j-a 
CjJ-L5 dJJj (jlr j isLs-Lltl jljJLl Q-ajir"i i ul (j-L»- Sjjjlaj 2 jUr j^fl (j-'j'" 

! jl-^-UsljJ! (j-a S d j 1^1 II I jl jll ijjla 4Hflj uil cjl_ijij£LLLI (j-a £jj (_gi 

2-£j " i"i a ajl i a> Cjlj 4-uljjfc^UI Ljj_uSLJI (jl-j^LiJI J i a all ^1 l-u>^>-j 
jljll ^ JL^j «l _j^JI t-iLtC- j-a-JI , „" ^ j'a . 2_ul JuJI CjLljLSLJI ojut £-a 

.Cj^LcLilJI ,j_a j_a_LU 2_aj^LJI 2 -31 La II (-J -Lc Jj i ^ >. 1 1 j 2 jj . ^»tl 

(J-J-LS J-^C. (j It* S-«^>i ^l^ C'Ji^l j^J*' 1 Cr^' **^' J^^-ll ' WjL>^!^ J 

2_jI (ji^. (_£jJ-><J (jl JLs- (j laa! ^1 JulxS i ii U (j-aj iCjLk|j£Lui£ J j ii <" 1 1 ,j-a 

Sjljjlc Lcl^jl JjjjJI g^Iaj ■ q\ i n't*yi (jSLIj .^jVI 2_»_>»JI cjLoISLLI oLui/l 

CjJL>.j Lpo (jl . .." Oul^ (*">^l l-d^J-*- 1 **tH' J-fcSUI Ljj-uSLJI (jja 

.3l_J_>JI 51 nil (J^lS a JJ ' aj * LL Ao_U (^y^ 

L^3ljj-£ ocjL^ Lajj 4_ljIj_jJI cjl_ijj£Liil ajjt (jl 2^L^JI jjjjIj-ijJI (j-aj 

CjLjjj_>JI (jjs Ijj i ill JjI^ JJ^. (j-a (jj^JJ Oul^ LgLtJj • I J^>- 3.SJJLx-a ^ -lS-lL-c*!]! 
JLJ-AjljJI (j-a «L>.jJlJI j" ^' (J^ -4- ^' (j-* ^3 ' ,lf * 1 » i i<*> L^LlIj .SjLojlXI 

2US 

(J_j_4_i l_a^ CjL_oj)j-LiII d i nil dJJ!i ^_a (jSu ^oJ (^j-Aj • 1_A^IJl£,1 ^ a c I L^aJ ljL>. 
jji_lLI (JjsL^ (_y>- ^Llaj (^1 ^LL>«j CjLj/jj_LflJI '. \l 2*U: VI (^JJ (jjiLJI t_yzJU 
cjLaj^jl Programme (i^sjjjn-^LlII J i aj II (^ Lyij 1 1*^-^ j' a i ^jl-* 

kJi oL^ai 

. LaLa-l Jukjuz (_^0-O^ (^jl_a_j^ ^Uaj -i^>»J (^r*^ '***^ ' "Jt^*^^ 
(jL^ (jSLIj . L^iic Lj^tll a 1 la I VI aJJt (JiLa 4_ul J_JI LJjLijj£Lui (_JjJ (JjijJj 
4xisjjLA-LdJ j (j£, \l ,^'a-i-, iK j^3j a I » ta 1 1 (jja J^lj jjj^" J^"l (^r^C- l-^-^ 
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(jluuUli) Olj9j.V1.nll 



CjVj_><j ^ j x maj ill <j}3^ 4jujiV! i. < j 1 n~j ijajljJ! w •»■ 1 ■■ a * ill * i"i^U 

LjjLjj|j^Lj-a (jj£o oLjjjj>J! i_dJj (j^. CjLjjj_>JI I ajojc a ( _ ;r 3 4jjLo_i£ 

(_j-k- LjpjJL3 .-. Aajtj iCjLj_jj£LJLI CjVjj*jJI dJJj Jj-a C-Jjj3 Lajjj 

Ijji^ti (jl (j^JLuJI <j-a jjlj J!>L>- J-*i>J.! (j-oj . jjliill 

SjjUsj L^_jl_2_]L_u \ ^"'*j t Ja 1 4_ajQje_a 3juJl>. Cj Li j)j£Lj_a (3-^* (1)^°' llLIj 
j<u-uLj cLSjjlj U, ■ La j 1 g-i JliLa sLlLsjiJ! 0 JLflij . 3 Jj JL>JI "J J I ( _ ;r 3 jjL^jJ! (^Jx. 
J_aLc 4 i i 1 uj (j^. <jjLCJ CjjjjII i_j-£j_l!I (jj-^J mutation: 3j_iIaJI 

-Oj aJaJ I (j! . *LiV! tLalajej CjLii^s L^J 4jj j (jj^Stj ^1 (_£jjjj ij^Lscja 
w I c 2-jj-a J aJa.j II w a Jal Ijlj jj La-tJI (jjjLu/I (^^-^jLa <_Sjj<j Laii 
LgjLiiLu/ ^^k: t_JLijJI ^1-JjjiaJI ^JlU (jk-Jj^ 5J>LJI dJJj ^jLa iTjj jJ^LLaJI 
4 j n 1 ,i't (_g jJI 5_pJI £j jj^L! ^ w tagJI (JjjsjjM CJJL>. JLSj . I^l^e-a Jjjo jl (_yJlj 
4j_UjlJI SJoLjijj 2 LaJI 0 j-$j t_i£j£LJI ! j-fl> (jlr (j^JLuJI J^L*. jjkr.tl 

LLiLj dJJj '. Jjlj Lo-iij J 1 -« All IjLfli ^jjs Sj^alaJ | jc Jbj-LI j^j-i <_Sjjj/J 
Cr^ w aSLi 4j| VI CjLijij£LJiI j alaoH i. 1 j 1 nj ^ jAjC j_uSUI i_Sjjlj 

jjsl jj>JI £-?°l (J-* ' (35^ 4jujj2( I (jl ^^1 j j i"i 1 (jl jj-flsljJI Li^, 

v2jLjjij£LiJ.Li 4^jLia 5j! 4jjla_JI Llj|jjij£LLl. (jl^ Ijl dilj j^lcj Sj^JaJI ^ 

. I JL>- LJLc (jL^ Lxjj 1 1 A taj J JL«-a (jl w j'a S_JL>JI 

ajiji ^1 ^ j j 1 . 1 ^jVi ^ a_LrJi oUSKJi j^^ii lib 

SluIjijJI v^jLoLdl (^jj L^JLi-jlj »l 1 ii-»J1 dilj (jjs 3jl2j>II 2jj .'^.tl oLIjJ^JI 

Jjjl J-ijj £-a SLpJI (j^s (jj-* 1 ^' O^^^l C^&L^-Sj-ala 4jI (jl 4jjjjJ,I 4ja_ujJLa 
I r L^_i a jj SJjLai 4jJ_a jjsLLJI (jjLdl Cm i n^l JL3-4jj L^ajJI jIj-I.! (jjs 
Sj JLjj jj j La j (_g jj3 w jI A", J Ui , ijJLLai (jjSLj dJJ j (jr^-J • ^'j-^ 
CjL^Llo~VI tfL>«jl ( _ ;r 3 vijjLS. JlS (_jJ>.jJjj_JI jjU'tl (jl j^gi < Sjjlj tLiSjlsej 
4j jjLill 3_ul j i_jLoL$JI 4jLjj-Lll (jij '"'J jk* er^- t-^ uuVlii Ja uijVI 4jjI jJLlI 
jjjjj^jj j_al_LaJI ' . ■ j I A". II 4jjj\a p j^XI (^jjv-s lj_3JI j^jl i_3jjj/j) 4jjljJI 
^JljV" 1 .1" (jl <ji>lxj CjLjjjSLui (^jk 4_ul jJI 4jjjuJI Cjljj (jl_i-^j|j_<iJI 
(jj_)j-SLI1 J-J 1 (^j-jLjj C-oj j ^ II (Jii-a j_a— Jl (J^i (j-a C I- : J^ ^jj L^ajtJI j-JJ^. 



. (^LUj (jjjj^LlI J j i n^t ijr iljj jim uJI £j_u3 jl tj-t^a- i i£Vl j 
I 1^1 m 2jj i^ajJI 4jJjuJ! CjIj j Jjlj 4_ul jjl 4jJjuJ! Cjljj jj gla (jl 
tfjofc (jj^, LijIj j Sj ' I LL JjLajVI (jL^ (jlj tj^Xalll] ' ^ H (j_« Llju 

^1 (jjljfl i LaLc <j-u^lj J-i-o LA^^Jrh 1 jL - "^^' S ' ■ 5JI i ii U 

3ial uuJL -u uJlj ^LpJl iUl_£LCJI jj£l (^ ^Lla 3_u| jjl 4jjJ>lJ! clilji 

SjjjJaj cJJI i ii a fu-uj ij\£ja^\ i4jjJuJ! 2 j^j i esc (jV! CjL^^SLlU <_ ilr ? (jl 

( _ ;r i£. dJiLal 4_ul jjl 3_jjJ£]| Cjljj j j i n»ll (jjs o^Jj • I (_£j-u-u 

dJ^Lixl j a I ta tl ^Ljjo L$ji jjfc ^ji-; i. i j ml 3_o| jj 3_j-J| djLuKJI jj£l 
.iljJLl (jjs L^al i n^.1 ^Lu (j_o (jSL^Iij LT"* 3 * 4lx^iilXI diLsJij-i^M (j-* (J^L-^ -i^-^ 
( _ ;r 3 Cjj^Ji JLS cLul jjl 3_j j_ii!l Cjlji (jl ( _ ;r 3 i 'I i"i ijJLijt jjjijJj 2jj ,'^.tl j_lC 
(j_o Cil i*ii i JLS I *j j i a j ' (jl Jj 5 « 1 1 j^LtiJI jVI (jSLIj jjJaHll j-^l 
4_ul j CjLuLCJI i_3jjj^3 ( _ ;r a La iJjJ • 3_J J-iuJI 2jj ■ a£ iJluL^ 4_ul Jj jj£ CjLuL^ 
3_jjJLL!I Cjljj (j_o (^j^/l i SjJLi.aJ | 4 j uiJ f^^f" W^J"*- 1 Lt-^ SjJulLJI 

,j_o (jj^JJ dJJj I r j i4_Lj|j_it V oLoLSLII tfjut (jjSij (j! JLi V S 3_uljJ| 

4^jj^a f \j ' '-^^ ( JL%Jo i-LILlAj . (j n (j uJI * j_ua SjL^I i n o > CjLu^-oSLIIj Ojj-jSLII 

(jjjj^LJI J j i ii^? (j- 1 ^ J!3-'^^J" L -4-'i>^-'' lil-LjSljjft V jjuj (ji (j£x-l 

cjLjj_)j£LJI (JIjMo^I ^^**' i ■■**- Ljj-uSLi i_dl_LA (jl Li^ .jnn iiitl ^j_Us llUj^ 

(j^s SJ^Ijj/ L(ij-C Ji^j . (ju>.j|j Jj^/I ^Ijiisloj/Li dJLJLiJI a 1 3. jl (jL^jJil 
iiiLjLjJj>JI jiLtaJI jjJjJLsJI J i n<jj l_Lu oIjjJJI Jlj^l U^Uj Ljj_uSLJI 

5j ' ^ ^j-IaJj i I &j j c Ljj-j_*1£Ljj iCjIjJUll ^-o ojj-oSLII ju_u£jj (_£jj>.Ij 

3jJLil!l Cjljj (jlj jLlo~VI (JL*-a (j ugla LLlJj ^-oj .CjljHill (j^>-j|jJLjVI 

dJLLj (J rt ~^J Q-t-lJl (jj *N 1 (jl (^j_3 (JLlIlj>.Vl (J_U_jJj . ljL>. iju-tilj cLul jjl 

ij^JjVl 3_ul jjl 3j jiill oljjJ ol^jj Mi^i^jLa-j/jJ,! ,jji-L*Lij^j (^lll Lj^uSLJI 

SjjLijSLII i Sj^JaJI (^ CjljHill ,j^ A^"-^ ^ ^LaZo-l liJLijt (jLi ijilj 

(_j_3 J-iILjj-jlSLIIj Ojj j *s tl (jjs Aj^J (J<"*>tl (jL^ (jlj i J-ul SjIjLjJI 

.4lJ| 
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(jluuUli) Olj9j.V1.nll 



I960 j»Lc *j i_al uil£l ,j_a Jlj 1 ,1 tl lj_& ^ 1 r oLL*.^! (JJl^-I (jjtij 
CjLoISLI! jj^-J I ta 1 uj LrSo-a i_k2j Ljjl JJ-JJ CjLi^SLlI! (j_o 4_ul ji. <ic jju>J, 

djUSKJIj 4jjulJI 4-uli 

j 1 ^I-cjLIjjjSLLI 3JjH>J.I Ljj_uSLJI <j-a 21c. ^^j-^lla Desulfovibrio 

I 2 ju4+Kc£ 2 jl, + 4+KIc-£ 

- 4 

CASO + 4H CaS + 4H O 

4 2 2 

(j .1 II j < "L-Jj-fS ^ « 1 "_t Thiobacillus ^ I . nl—ja-j-j <j^a J^>->J dJJji^j 
J-jiLajj cu; j'stl S J 1 .i^l (>u <L>-jljJ.I 1 Intermedius . ^^j_Laj^jl 

^IU1 JlSj . JjiUjJ! CjI jUr j jb^l 5j 1 .1^? jj-tj ^jljj Hydrogenomonas 

(jLLuiil 3j 1 n^jll Ljj-uSLJI (ji (j 1 -^ J^^' (jlr Ji^-lj ti^tj ^Ir c_<j LSLJI 
Oj^j-jSLII Ljj-uSLj ^j^* 1 ^jt Jl^JJJ *(J"^' ^ uiV[ JlIc mi a CjLJLaX. 

Sjajli acetate Cj^LJJI jUcj Photosynthetic sulfur bacteria LujjJs JIUj ^pJI 
ijr lJI Ojj-oSLII Ljj-uSLi j-4jju J-La Luij Li^J . LcaJl ^J_lLiI1]I 4_lLulI 

iljLi^'vjall dil g-u a^oJI CjLjJ)j£Ll« ^jU ^LsejfujJU J-tia^l (j-* l-^^- 4 ^ 3 (J-* -4-1 
4-ul jJI 4j jJtlll ,_Lvir>J,l (j-o JJjJ liilj (ji^- J . <Lul jJI 4j jJtlll ol j 4-ul J_JI 
La Lg-S-j • ■■ 1 LaJlII (jjs Sj^L^a 3_L>.j_a Ltj^Ja jL>- (j I j-autotrophy 
<L>-jlj_U Chemotrophic assimilation«5_^La_i£_!l 3_uljJI «bjJuJI>> ^ n . .n 

4_j^_tia_c Cj L_L^j-_a J_l!L4-i j 4 ^ ^H > • ^ ^ ^xI^J ^ j < J-^- (J^ t^- 1 

^fl 2jj .%»»tt oJ-ik (Jl m" 1 11I j<u h_jJjj>.| 4_o~Lj jj-a «LlL>JI ( _ ;r 3 ^ Laj 1 u-i 

^j_a Sj-jJLt-a 4jj^La3 3 ^ ciU j Jlsu j-o^I ^IHjci . 4_jJ_>JI 3^l_a ^l_u 

j j 1 .1^1 (j-ilj (Jjj-^j t 3j?j?-»JI <Lu! jdl 4jjLil!l (^Jl ojut JjiUill Si^.j_a 

.3_jjJLlJI (j_o (j1_la_a_iJI (jjJLA (Ji-lja CjLi^SLlII ijJLutj .Q^-ij^LII 

I o,jjK ji (j-tcj-J! jl>.I LcIjjI Jl^cj q} ^^j-II (jL^ij'^l ^jU" 1 ujj 

(jSLIj .thiobacilli .1 I 1 "Lij-u icj^i^a J!La Ljj_uSLjJ! ,j-o L^jlj CjLcjjij>J,I 
JjJj (Jjl CjLuk L^j^/ jj U", 1 1 <l a 1 uL>- S^laj. (jl^ 4_ul jJI 4jjJLUI jj gla 
4jjjiajtJI ^1 ^aJLl ^c^Ijj ^^y^ j>jjJL) ^ ^^jJjVI ^jLui_j^ ^ j LcaJI ^jlj^oAil «U (^o3^_a 
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jghjJI ijS CiLigjS.i.nJI 



i^yja j-_lIlSLj Lo^ ' a ! « ^ Li_u_>J! )) CjLjaSLa ^ JL?-**( i tiJ Jl9 LaLiAj -^j 

J j j i .1 (_^ d j K CjLja£Ltl iJJUfc (jr^ -J-*-*-*-^ La (jrQS i4-<JjVI LgjLfljLu/ 

La-4 J-^l Sjj i a J j I mi " iVIj j_a_J! ( _ ;r 3 ^jLcuj ji , ,." V • LjjLSj 

4_uli CjLuLCI! Lai .4jjLa_i£ t^jus 42jj_Laj 2jj ■ It 3.iLtl (jjaSj L$J a i n_l 
4 1 S"i,ia C.t ^1 ^rljVl oLsaliJU JiiS ^ ^S-lLl^sJ! 4jjJ>l]l 

LaLi^l (jl iSpontaneous organic synthesis ^1 j i c 3 J I 

oLjj£LLa ^jjftj iJjjLseaJI 1 JL& ^ (j 1 n a Mitl ^Lt-j/VI O-ajielml (jljl dJJj 

- tj . ^- 1 1 CjLjLilII «l^>-i (Ji-a-i 4-u!jjfc V 
4_ljJLLj1 CjtjjJ cLojLAJI 4_uj_A^1 f 1 1" (Jli-a ^j'-^J**"^ * <t K i"i a I ui UQ 

vZjLoISLII tfjuk oL^aa. (jj? ,j-a :<_£aSLJ! I j^J ^IjiaJI jLi^aisVI ^ 4-u! jj! 
Luo^^Mj (jLLiil (j-a _a^>JI (jL^ LaJUX. cCLuIuJ (jaJj£J! J j i n^i (^Lj (^^Lc 

4jaLu/aj jlj a" ( nLi QaSij (j-t^- 1 "^Vl ijl 4laIL>J,l 4_]L>.'^lj S <jlj>. j|j JlJ ^/ Ij 
(_Lc Lij-j^>J I 4_«_ljJ3 i. 1 1 1 uJ-jLiJI \jJt (jSLJj i*LU £-a (_£jLa_i£ «a-u3 (J^Lij 
£_-a ^ 7- ' --^^t (J_£.Lj2J La^ i(ja_)j£LJ1 JLu_u^i ^^j-iLj JLjJ^axJ ^jLLlLI £_a cLcj-*_uj 

^1 Luo^^Uj . Qajj£LII Ju i n^i (^Li ^1 (jLLuii! j<ul J (Jj->«J (<U lii! j 
(j-^jyUil! (_jJlj 4_o-Ll (j-a CjLlaj^SLII j^isj^j (jJaSj ^1 i(_p=j^/t 

.^jj>.i 4_o*L) ^j_a ^^^l £-jLiIlJt (j-liiaJI 

^_a^>. (j-L^. (jJj^La L£ lit La_i3 jJaJuj i4L>.jJLl aJJt JUX. i—a^jlu Lj^cj 
t jt.tj i<Laj| J jLaj LiLc ijj-i Lui . Sjj i all tfJL^J ^ ^t»"t I jjjjLsL^JI 
^j_a fiLul jjl ^^La^M jLLa^Vlj ' d < ^ojlII CaJ i ^ji Jbu Lal_a_i 4^ti_a t <<ti 
d fij» t'n ^ j i ii La_i3 OuL^ L^ji (jjs ^c.jJLj JLl^JIj J^LlIlj j^a- ir-itt 
(j-a j-^J i-£JLufc jjL^ (j^Jj (jua- i n^Vl (j^s LJL>. jLajJ! (jL^j . Lc jj 
jJtS jLa_J! (_y£ • ''jT «L«jjoVI (j-a (_g jjs OJ^- 3 (J " " '"'^ 

I o ^ 4CjLi^j^LlL1 ^J* a 1 Lujj>. jJaj (^jJLLill (j\^.j)j J_i^/1 Jl-ujj-o^ (j_a l i i nLLa 
4-u!juJI CjLi^SLjI! (j-a 4^.Laj>- i."i i"iLc La^ .(^IjuJ! (j-a 4 CajLi i_ iiitj 

(j^, Ijla Jlx^Jj /<u Ji-uj^jSLI! (^1 cjLbjjSLII JjHisj jl) ouj-jSLI! Sjjj jjjG 
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(ju>.jlj JljVIj JljJocJL! 3Jlxji£j1! CjL>jij£LlU (j! JLjIo.! (j-a jai.jJLij . 4-LvuI_l!! 

^^jjl L^j^LiiLa tiJIjjT Ltj^>.j f L ^-*^ fj - ? 0 l -Aj- tjU *1 o-il^ 
(J-*-5j .SjjLj <jiuL^ jlj-l! tfjut (Jj>Jj iCjIjUill j I ij\^.^jlul\ ^1 3-aLc ^Ll>«j 
CjLkjj-SLj-U c^jL£ Lxjjj . gbl uia <. m i .it SjjLi Thiobacilli j I . ub^xi 
L_Lj_i ^jLLjJL! iJJ JI (j^j^SLJI j j i uSi (JjIIjej ^j^j i4_jtjLio ^jLLu^U 

( _ ;r i t_g j Lo-lSLI I (J_lj_«J1J! CjLlUjlI 4_uj/LlU 4_3jijj(_U jljJi! J ■ '<aJ&\ (jjs Sjl>.!j 

( _ ;r A5 iCjLjjjjSLI! Jljlli.! J_t£. 4j-uiXI Ojj-jSLI! jjLlaj J . cH-fj ujl mil J 1 <aAll 
^J^*"' ' "-'J • t — i>^^' '■■ 1 1 "l^-I o^JU^tA ' (Jj^3^/I jjj_2j ( _ ;r 3 d j 0 ifr^fl 4JLIL1 4-Lj-2j 

3 j 1 ,ijJ,I 2_ujl«II ^->LaVl ^ 3 < miU ojj-iSLI! j^Ltaj 3_ui£ jLoi.Li (jL^^I 

J « a 1 0-usj-«J <JluL^ Ijl La <_2jjlj (jl 4_3j|jj(_U i_iLi>.^M (J!>Li- 

.j_a^M IjLA (j-<_iSLjj_aVI (j-<_o._aJ_a-<j>J I (j-a J-JJ-C w i a Sj i ul JL3J . O Ll j|j£LJJ 

I a>J_j-C ^^y^JI CjLujlJI ^j^* * ^JLuj tCi Ltxfl «Lu_o (j^-tla 4jI_4_jLij ^Jl 

di! j 1 positive fractionation Ijl^a M ■ ok '< , ..tl ,jjs jjij^jii ^1 

I jo. 4 1 uJI JJ-^ ^ZJiT " ^jl-iij^j Barghoorn ujj J ? J * .' JJ-^^-" 

liilj J^>-j '■ photosynthetic sulfur bacteria ^jjiaJI JjilftlJI CjI j ojjjSLI! 
^1 L^iejjLj j-^-jJ Pre-Cambrian (_gj^iSL!l j-«j«J! (Jj^ La j^ic lo 
(J I n i"i j^2j Gunflint chert 4_u! jj^s j^iej^j (j-^j) t^*- 4jLu/ (^^jI-i jj^s Julj! 
Sji^>.jII JK uiVI j! Lla ^Ulj) . (! J_i^ ^yfl superior jjjj-ujjj/ Sj-irej 

JjLUI 6-° o-" ^LLaj .^liJI (J^aAJI ^ L^jJI SjLi/^l 
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dJJt ^jj (jl (jyij-ij (j-aljJI Lujjo- LuSLIj -SjLs. ouL^ t_£aSLJ! I juk lJ \c 
(.5lu!jlJI SLpJ! a_JL>. J^>. 

«Lj_Lc J-cIlkj V !>ijJj 4-4-ijJDI jj se i a 1 1 4jj^j>J,I jLiV! ^^Jj 
isLj LjSjjjja JJljj j SI taJill J i -■''■» (jSLJj iJjJaHll La 3j^3 |<£J LaLx-l 

C)l jl<f (jl JL^jj (jl jj-SLsjj . JL>J,I I jut sU-aLa 4JLii>. JjLi Loj|j_jj 

(j^JLuJI (j-o (ji- 1 <j-u L«_j3 cjj jl>J! 4jtjLJu c^j ojjjSLil ^jj^LlU 

^jjji jj] (j_«jJ! jjjjLjJLa (J_aQj jjJj-jLc J^J-J Lt£,_ij) 4_u_o ^j^o-lLc 4jl_4_lLajJ 
^j^-lLo 4j1 <i i u <a~w Lkj-<jX. £-Lu ^^y^JI j^t-t-aJI 4jr 5 JJLu fiQjL\J1 j-t^L>.V1 

cIjUjISLI! oul£j . (j-ojJ! I juk J}L>. LijI>* V <_<£jSL!l I juk _^>. (3-u.u 

ij-UsLjJI I "'j i a£ OjjjSLII Ljj_uSLJ 3jLl«jJI (jjk SjlSI i .ill 4_j_>*J1 

.Ot-jj-jSLI! SjjJ jjjk *l i "J^J-^ '*i9r!- :>, -5 ' 4_lLjj>J! iJIuL^j 

. jjuj I ji£_ik jl 

jutui^^l d)^- 1 ^ Lq-Ll > . Ci1~». <Lu_u ^j^-jJLa 4jI_4-iLij CjJL>. ^jJI Lo 

. S ^ 1 Jl ^Jt La (Jii-a Cj 1 jj£j-u 

(jl_uuVI ^tlaj i uJj .CjLiLilI! f_y£ j^jjual I (J-llcTlI! g I j ■ >■ A. 1 1 <Lju-LaJI 

w I c 3jijJ_Ju 4Jal i ii i i u Sj i a 1 1 I j Lu i i ^3 4jjL«_iSLII 4jJLsj>J! j-JJU (jl 

•.^LUI 

! ju + [ ! ju ijJ ] + » — ^T^'^f I ^ + J-i 2 

2 - L 2 - J • J^ajj^Kll 2 2 - 

2HS + C02 Sunlight 2S+ [ CHO ] + H o 

2 Chlorophyll L 2 J 2 

2 j i ii ; ILi ! juk (j-uljj) S^ljj^ukojjiLJI S^UI [! 2 ju tiJ] J^Ujj 

(jajj£LI! ±U i n^i (_5-iLi (j-o 4^lj jL;Ukajj£LI! jJi! ^' < aj Ljj_uS_J! (jl (j^JjLa-iSLI! 
. (^Ltlj Ojj-jSLII (^j-J! (juvjj Jj^/I JLujj-j j ta Luj (j ii h i'iII ^ ^o_Ud SjL^l m<n 

(j1^>.jlj J-jV! J_iILjj_jJ^ (j_o Vjj 4j^aj>J! ajLi! j»l Jlicluj/Li (jSj LaJI Jjluill! 

Lojux.) jjk V I Laj] (j-Aj . ((^LUI (_LuaAll L^jJJ SjLiVI Lijj>.jl j^j) 
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(jluuUli) CiLigjS i.nll 



(jLa 4la <>l>-jj jlj^/I <Ulj! Ljj_uSLJI ^jU~, , „~ £jj^>J j_aj^H^ A ^ 2 ju 



Sunligh 

2H 2 A+c °, c hloroP ; yll [ ch 2 °] + ° 2 



La ^ p. IX I 5_q Jc^Tn-u-a ^ 2 JLi igj LeajJ 1 ^(^j-^J. ji 

^ ^Al^ 21 I \ju, 

Sunliah 

HO + CO — — :—— [CHO] + 0 

2 2 Chlorophyll L 2 J 2 

Cuj i*s 1 1 (jLstlLu La_A jl : LjoJa c-tJo* ^Jl L»_l>. ^jLiSLa-i V La^-iSLJj t JaJLa ^Jsa_u 
(j-a ij^sr i h^VI JiJ-IjJ *jJLaJ! Cj L> jj£LlI I jj gla (jjSLj lilli . *LUj 

i_aj i" i .."j juVI jlujjj^ ckj-j (jt4^ •'— *i>^-" *JJ j cj-^ **-*J^ 

(jL3 5uiaj(JI O-flij ! jlj . I flK 3_<laj<J! <_aL2jl (^Jl JL^QjLi JljIj^jSLII 

L$_lLcI Cjja^ i j-a_JI (j^. i— kajTi ( ii I j k: i nil CjLi^SLJi! jjl (_5-t*;J Ij-A 
j-SU I fi LaJLlL£ '. ' La S a SjjJUK-a CiL*Lu ^ ajj i "'*» L^la «Lp>Vl Lai 

4jL>J,I i ag^-LaJI CjjI ti^p- Jj^' J 1 cr^ Lai iri i^ij (^I'j Sylfureta^ila 

■ jrea- m<Vl JL»jI (jJI Sj^LiJI 
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«LU (j-a (j^ja- 1 11*^1 CjjJj , ^ ■ Vitt Jji»jJ! (j-a 4_ul jJI 4jJjuJI 

Lujji^^ CjljLiJI (Jjljj (<u • .%»»lt ajLU ^1 Q^j^SLII Jj i ii^l (jyJ^i cJys. LLu 

oj^cJLxj (j! (j_a '. »l i^iiill jlj o**t i .ib <j^>-jljJJ^I Mj-dr^ 

( j_ J o e_ajQj tiJJj iJ3 i£.j . ^ij^Ja l-^aj (_pajV1 cUH^ (J^i-a c_^^ 

(jliui! (j^utj i—sLiaj (jl (j£Lx-ij iQ^jj£L!I j j i h^I (j-^jjUiJIj 1 "^^1 

LuLlJjiLLa La? .jLse-Jl c-JjjG 3 nlVtU LujjsVl <_Jg,!(jSLlj ,i<lfi<i M-^-.tl 
dJJj JL9- ^1 3ji>ij-a j-ii. 3-aLc Jl^-Vl jLa-'in'^ 4-uIjLl!I 4jjIjj*^UI 

4ijj_taj Lj^-o. (j*-x-u£^\ ^1 Jiir" i nl SjjLaJI CjLoISLI! JlcLvuj 4jj-lJI (jL 

(_£^j>JI <_S^L«JI L-SljJal (J^. (jjjj^l Cr^ U^-?" ' u^VI J^-yj • ^ J** ■ La 

dllj (J^.J .4jjL«-i£ LtaJI jjljjjiJI 4-uIjlxJI i—SjijiaJI SJj'j i u a Oul^ 
(jl-j (_g^L«J! j a Llj II Jj_«_a jj^a^l—LLj i w SI S-Llj 11 jJjjJI (JLoIo.1 JjSj 

1 1 & \) aj i til ^ ■ i ii 

^ ' J * ' 4jjJL>. <J J_*_a tjl^ tjlj o"i i n > j alaltH 
CjLoISLI! ^1 jaLu Lijl . j_uj>3 j-J-»J SijjJa CjIjUs ^! jjV! w 5 n.'i ol i 111 a ■ a 
(j-C I 5 j i"i j^jj (jl , ,, i (J^i i ^LilS Cjj^Ji Jl^ O^T ' "^^1 (j-aAJuJ (_yjJI 

(j<-jj I >j i j<S^Li 4jjLij^ 3 1 tr> i>j^Jj .Cytochromes Cj La jij-^j'j '"^ (-5 -«-<-uj 
Sj^lo^I (j^Lajs-^/l (J^. Sj^ic iporphyrin (jjj_i£j^jJI ^ g . ."i Sj^sLs- 4jjL«j^ 

^ J ' n^LSLII (j-aJtJ La^-jjj^LSj^JI 4x.jjjj=ji i. i i n<* j .SjjLlII 

, ^ I A", tl IjJ-i CjLajlj^j'n i nil t_4j(JjJ . Lj-oj^ jl j-ajs-l IjjJ «(_gj_>J! 

reversible 3 j . n^r c I aoJ <_p=jj<Iu ^j'" ■ .. A ~ tl , ,,^1 SjjLjill 

jjjijj_>J! (jij JljJljJ! i uSLcj IjjJa-^jjj jl) JljUi-Vlj ju^Qll (j^s 

(jL_ujVI (j-a-^j - ^ - ' n^^l (j-oAJuj (jy^JI CjLuISLII ^j_aj>. J'^-^'J . (dJLlJU JL>J1j 
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, ^ ^jVI Jj^. LaLaj L^o^Aj j«sJ 4_lLjjlj cdJjj 
L^jjJ J . CjLa^£j"ij 1 11 4jj-LqjeTjl «Luljjt^UI Ljjj*K jll (_f jj jjjijJj 

U^,jj~u Ferrodexins CjI i j 1 h^_oj (j 0 1 JjJijJI 4jLu CjLxjjjl 

^LflJij La_i3 L$J (j-"^ 'J'j-^^'j J 1 h^QJI (j-a Cj^LcLojJ 

JljJl^JI ^Ltaj £j jCLiI (jJI 4j*.L^. ^ *jj Ioj 1 1 LuLjijiL-La JjlI j . SlsLLJI jl JLal 
^1 JUy" 1 ill (j 1 11 ■>iJ SJsLLaJI JLjJ^jJ 4_lL»C £_a sLvLajlj (jjj^Sj^JI j 

j^y^-jj Lxjs (jl 5 ' (jSLIj 11-dJj OiLlS L^ji Ll j&Llj (j-st-lj . ij^sr 1 n^VI 

Lj_l1SLJ! jj-£i SJ-yaJLa-ojjjSLLI 3Jji>JL! Lj_uSLJI j! 42-<Jb>JI ^ dilju 

dJi_4-i 4_aLc d a 1 a * ^^j-Aj • CiLajij^yi i nil (^yl^. jIL>o- LujJLj I J 1^ c Lu1 ^_A^L!1 
4_u1 ^$-11 Ljj-uSLJI Ja-uij! 4_o*LlJI aJJt (jr^J " " ^ I JL>-1j Lajjj^**M t n 
dJLutJ . JLsJ jJI t_!Jj£LJ.I 3 ii I" -^e-a £j 3j^ij jl SjLc lillaj (j^JI 

Cjlj C^J^—lSLI! Ljj—lISLj (j-Aj-CjLajj^j'j t n-Ljj J-I (_£jj>.| V Ljj-uSLi 

..Ar.tl i ^ ^ . >. 1 1 ^J_u_*lJl_] J) 1 LffjLojjj^'M i ii ^jt J, ' i ^J-jfLoILlI 

dJJj (j-Lcj (cj Laj|j-£j "i j i ii 1 Li dlJ j£ I *" J CjLjLtlll (^yi w 3 j ■ ea 1 1 JjiuuJIj) 
J-fJ-a ^ 1 r ^J-J-JI I J a J * "' (jr-J-II CjLLjj j-SLLI 3Jj_j_>J,l Ljj j " £ ill (_gjJL>tJ 
I j"a\l , „i c^jl^ jJj . 3-ul ^Jl Ljj_uSLJI 3-aLc LtJL>j (j^JI CjLaj|j£j"j i nil 
JlJ-C 5j-ta-a«JI ijlu^ ^-*d>^ CjLxjj-i^l aJJt JfLa (^r^ L ^-I-^ lSJ-^* 1 - 1 'L^l J-^l 
Jjij (jij- 1 .1^1 JljUi-l (jlr SjjLaJI ^jCljj ^ jijlalJI 2 taj i nj CjLijj£LJi,l 
CjljJLaJI JJ talu ijlujj^ I jl 4 Laj i n-i L^jI ( _ ;r L«J5 .CjLjjjjSLII Jljlo.1 SjJLaJI 
.4-uljdl 5_i_UtlUL I (jr^l OJ-ajJ^I 'LuLiLalLlI 
(j_a VjU >La j^JI (j^zr i ii^Vl JljJLi.1 j^Ic j-jLs t-J^SLys j J IgJ LtU-J 

Luls^a I jl ; "j k" ij IjjJ->- ULc jLa-j i n'q JjIjjjSLII ^1 oLbjjSLII J!>o-l 

(^ic jJaLUI lilt sQjjjJj 4J ^-LlLj/j .oLjoVI I JJt ^ jU-u jl jjJalll o' 
Lj^ j "i *C ill 4_Ljj/LLa j_lC jlkil U^T ' 'i 6 '^! Aj^J I j ^«~- (jr^-II O^J^' "t^J^ 
JtS slj-^JI (JjiAJlu (_ylll CjLoISLII (jl 4jLjL>JI Jju-sJ.! (j-oj . 4_uljjk^L!l 
( ljL>. (jj-II fiL_ulj_JI 4_ul^_A^LII Ljj-uSLJI (j-a SjLlJLC CjLc^_aj5e_a jj_a dll mi 1 

(ji_i Sjj^>.j_a ,_£j^>.^/l <_a^Ljj/^/l c^jI^ '-^jj '^iiLljjjSLil 3JjlL>J,l Lj_uSLJI 

L<i^ LUajl Cj La jj£j"n mil ijXg- (_gjiso (jj^-ll ^J l /> II JjiLajJI CjI j Lj^j'i'C jll 
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t (J I se-laJl o ml j^^Li. ^-i-i 4_u1jloJ! t J LstlaJ I ^j^* 'J ^J-u_*iIl]1 

f. \j • -~ 1 1 L-iJLse-LaJI lLLLj jj^-jj-cL-LjIjjt V ^"'^'^''J ''"^ ckA*-^ olj 
4_jjl_UaJI ; I j i ea >■ 1 1 <— <-l I se-taJ I oJ_& . 4-u!jjfc (j-^J ^jj-^ 3-JjLiiaJ! 

U", , ,," j| s | j-^JI £_a ^jlaj ' L#j| L*-o (jl"" i eajl L&JJ-J 3j3jj_LJ 

JJJL>JI (jyl^- CjLlJj£_La JjLSlI <_SjJoJ! w i ^5 tiJLi&j . Cj I JLujjj£LI I (_Lllx-1 
dJJj (j-Lc J . 4_jjL«JI g Ij JajJI (_JUdaJI j 4^jj-I.I «lj-UajJI i_JL=tiaJI t>U 

" ' J *'-**• II t_JLa-LaJI ^\j>i' f\) ' a t_JLa-LaJlj (jSj t^aJI i_Lu-«^-JI < — 1 ' 

^ ^pJI c^L£ lil 1A5JI L$K SjjLUI aSULl ^JJ (jjij 

(Jlj-IL>.VI ila^qj (j_o c_ i£j£LJ1 I JJt jj>. L)"^- 3 * ' - 'jj taj ^jy^-II CjLuL£LJ1 <Jii-4-i 

Lj^LiJI SjJJlILa CjLuLCJI CjVL*-o ( _ ;r 3 cU^iflJI iJJUt 4jLjLla . ,. i 

4_t-£3i_>J1 j > gajllll (j_o Ij-u^^J-a-At (jl (jLSLU 3» LtaJjla^aj Lit 4JLl*x>JI (jy^J 

I_L>JJ Liil I ' '-j I LajjJaj (jjjJo ^Lc cjLjl^pJI 3_oLa'^ w j£Lj jl>. ^1 

....LLJI cjLsLjJI j^^I 
<>Li^jL^5 ^jJI-Euglena I ! j 1 -vjJj ((jjJjjjj-iJI) (jJjVl jl^pJI jl 

4j^j-Chloroplast Ojj/^Lijj^KJI ^ q 1 uj ^ 1 ,ty ^Ir ^jUjcj j-Aj .CjLjl^pJIj 
, - J lUi^^^jj . all JjijjjJI 4_JLi^. I J-«Hj(-o (j-o 4_iSL4-i (_g jJI-^LiSjij^lSLII 

( _ ;r 3 Ijl j-(j!^jj>JL£ j_aL>JI al itlaJI (Jjix-i I ' aajl ^j^" i 4JSLIj i LaLu 

d ^ j 1 . 4-xlS CjLjI ^_j_>JL^ ■ ' 4 LoLaj i.'i < h^Ljjij^KTI ^j-* 3 

. LUajl ^LjJI J 1 aAll oLc^jL^s (_g jJI Astasia Ljjl * . ..I ^ n 1 jj>. I 

^* 1 CjJL>.j L-4-ij) *.CjLjI ^_j_>JI jj taj ijr 3 I JL>. Vj^jla L>.jij_4-i ijr Li La jJljjj 
Sj\^L>JI 5-jji^ntl S^UI liL^tjj j! L^J ti^Vl jx 4j| 5£jJcaXI i_JL=tiaJI 



255 



(jluuUli) Olj9j.V1.nll 



dJJj v2jL*Iia (^JL. (Parasitic)7 « 2 J 1 J a to )) O 3e x^afj 3_u!j_J! 3-jjJtlII (ji^. 

dMjjj^Ktl I J *'-»; JLa^j . 3_u! j-JI 3_j jJuJI 3jLajj<-a i." 1 Ik (jjJI £•! jj^/l 
3 ri I" -V a Lcljji (j! jj V ^<u Protozoa Ijjj3jj_i!l cjLjIj-o. dilju ^ j 1 a I j 
Metazoa ljjLLj.1 Lj^LJJI (j-a SjjLula cjLcjjajca i ~ j $ La j<u Cil .Vi jja 
Juu 4_u1 j_l>J1 4£LlaJJ jj Laj JL>.|j 4j-ujuJlj i_d_jSJLll (j»a 4_*jLXLa 4i-uu-u) Jju 
iCjL)Jj-SL_j_LI d I "vj- a J-iLc d Lta-dj| j-jj (jl (_£jj>.| 3j-a I nlf (jl . d Ij i ( u tiU!i 
4_ul jJI 3-jjJuJI «LijJaj (jl jJLflJ i_JLaJaJI (j-a 'jUJ-^l>^' SJLjla (jSLIj 

^15_a '"'Ijj LaAll (jl . (_£jj>.^/I CjLi^j£LJiI jj-taj jlj a" i ul ( _ ;r 3 3_aLc 4 j n it I L#J 
L^j t jjj^ JLaisJ tllLutj i JlScVI ' -i II -» La 1 1 Jila LJLc. 4cj_olaj 5-ila-p. 

L$j| (_gl :<_JLseJaJI ojut (JLiLol ,jjs degeneraten 2 ^ i a jj i ^C.-iT .V. 
4_<Jj I jJI 3_jjJLlJI Cjljj jj_a Laj-lCJ i_JLa-LaJI CjLtliL I flLu i i (^yi CjJL>.j 
. 1 ^ ( .. A * i (j^j^SUI J j , n^l ijr jlj d - ii u ijr 3 j Ij-aHj-uVI (j_a (J-*-£i3l 2^jjt^" 3_jj„a 
SjjJuJI k^jlji C, i ,ijl CjIj_jH>J,I ^JJ-JI Lgjjljiii (_ylll Ljj-uSLJI <_ dr Ij 
CjL>-L>. Cjlj 4_l!Lal CjlCjjs->JU (j^utj (jLjuVI JLaj (jl (jSLa-ij i4_ul jJI 
Ljj-uSLJI £jlj-a JaL-ujV I u mi 3 Lla ^3 l-y'j • 'j''*" 1 ^ Sjjlj-J- 0 4jjI 

eaj ^a jjjJj Ljj_uSLjJI (jl i_ aj^ j^iljJI J uaAll ^^,3 

(_^a_«_JI 3_c|jj j«Jj 4_uIjJlII JoL^/jVI jLacI ^1 (_Jjj>.^/I ^Ljjo l-a-yJ 

( _ ;r ^ Sj_SLj_II £j\ "I j mVI jj_a (jL^j .4_j_>JI cLy i ii t^/l (j^. (Jjj>_aj Lg-La 

.A <_ajjJ . I la 1 " i iiVI j j^j i"ill u i ii ij-aJI joJL«JI L^-ajLS (j^' Lo-jJjj^ j 1 1 

(jL^-jj^j^M I r I Ajlj ^~ i ul ^L«j Jjlj-CjLijj^LlIi.1 jj Laj (jl 4^ljjl Lwoff 

4_^L^^j-oLj^£Ll1I st j Lai j-2-fl .(^IjJI c I A'CVI (jljLa^ 3 :=e - 1 £ ^ c -y 
2jj l^uJI j_U ( _ ;r l^. j^La ji^l Lajijjvj ^jJs j-alU3-gi j i>jj,l cjLijj£Liil 

i." i I 3- La^ CjIj J-SJI SjJULLa Ll Jj^-lH I j CjLil jjj>JIj CjLjLjjJI (jja jo^ljHj 
.CjLi^j£LlI.I i. ilr ^j-Ij^I «cLui»Jt» (J^e-a L^jLaiitA ji LlLlII CjLoLdl 

. SjjjJaj 3_j^_a I jj'a i.'i i njl 3_aji2jil tLLflUiseqJI CjljJLaJI (_^>-J 4_ul jdl 4j JLiUllj 
Sjj^o- jajSLI I Cjljjiill i M" ^ (jljLaS £ Lp-Lj (^jj^LjJll jjk'll cLjoI dlljjj 

Sjioj*. j_a jtj^ i ..^tl ^ i ..A".tl | ^~j L^aJI 3JL>JI (J-stJ^ . . 3 

L^jLajj_il (J^ CjJLa3 J^j i ljjj_2j c-ij^jj j-J-»J Cj l3j I -r a i_dJl«, . CjLj/j|j_LflJI 
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il Sj^j-U 3 U j , „j tl ^|j_iVl (jJI LijJaj Ijj 3jj^Iaj 4-lUjlJ ^jLaj 

^-j^ j j a j_LLjJLj < ml Lj^ j "i *C j 11 A a uU ^ a j 3 ' CjLuL^ 5j>^' (jt^ "-^J-^ 
JaU","j 2 j^j^^tl Ljj_uSLJI ^Jlujj 2jj.Vi»tt 3jUI Bdellovibrio 
CjLoj^LijSLJi,! ^^-Aj 2 SjS > CjLuL^ JL>-jjj . Sj^sj^ LgJ ; , „ I jjlt- 

j_o 3Ja}L«J! ojL^ Lj_uSLJI 4 j L^jL jJaJUl (jSUj ^^II! Mycoplasms 

» (8) 

CjLxjj-i! (jjJJ (j^J LoLx-i 3jJL«-a 4_lJLujj_i CjLu^jj (ji^. (_£jj-><j 
' a 3. 1 1 j I A U * cL>.jj ^.3 3 JLjIjJLa 4jljL£Lo 4-Lmim CjLajliJ,! ijJLfli J'C i"i"j 
C^-^j-^ (1)-° (JJ)^**^ L-^-J T jJljj (jy^Jl S^_jjLuaJI CjL_uj^_L(i]1 ijr ll ^jl i ii <J-t-aj 

CjLljL^ (jjs elaborate degenerates 4_jI < 1 1 3_sc . .. A~ « 3_jj j L^i| 3JLj2_>J| (^ 

«3_)jG_«_l! Lj^_l1SLjJ! CjL«_3V» f^^-S al^>.^a J AU'll (jyl^-l £ ^J- 5 L)' (J^ 
<_ . i i iu Ij^_uSLJI ^ylz. JaUt. cjLj/^j-ii (j-flij i temperate bacteriophages 

. Jijlj Ll3 J i a all ! JLfli ( _ ;r 3 CjL^/^-loJI oJLfli I a i a I i—Sjjj/J 
^LaJ (jl-4jjliJ! CjLajUU ^jjs a a I (j-a j«x.jJI w Lc -g^ilali i ■■ I dJJj (^r^J 

3l_j_>JI CjI o j i ii-v jui/l L^j Cjj^iaj Lxjj (jr^' d J^J*^^ ' JJ 1 ^~ 

fiLt-aLitjj iOJj-aSLII Ljj-uSLoJ cLajLb ^3 JLJ L-^*- 5 ^ dH^J-^' L)' »*LuuLiJ! 
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tj i n a~»» j-*- 1 (Jj-* 0 S^3^' '^-^ J-?" ^"J"*" w ^ ' ! ^ a ' t^oi I ^jj-II 

CjLuLdl jj Laj 1 ^j i nil Li^JJ aCjLijij^LlU d la J (J^L>. (j_a Cj Lcxa cLu_u (jj-iLa 

jJa «Ij^JI qjjAZu cjLuISLJI (jl -^jj-JI \-&^j-*-> c^'j *'j4^' q ^^lll 

^yitoxlajl Cj jJjJI jj-a CjjIjSLI! CjVL>. (jis- . 3-ajLLa V Qj J 'O^J^' AjLj 

i n II (J-LaAJI jJij|)Walvis llj £-J-Li- }lla CjJL>«j ^^1 

L^jjJa_u_o 5jl ***< i Ojj-j£LJI Ljj-uSLi (J^3 jj_a 4jj_L?e_a CjVjL^s-a Lfljl i**<f 1 jjSLa-i 

(jiutjJkl * ( _ ;r JaJlj . SjjLc CjIjLtcjLiVI DjJt (jl S^l » I nil (j-aj .tLj-JaUll 

jJa CjL-Lu 4_o- *LiJI ( _ ;r 3 j-fj^ J^s- 3JjJ-toil Lj^hH^LJI (jl jjfc 

4_Lajl J^Li. ^L!i_o CjLLjj-jSLI! 3JjIL>J,l Ljj_uSLJI >Laj (jl . LgJ 4SLl^a 

cLj>.j ' ea i3l j-a_u L$j| 4JLjJL>. (^jJI-cuj (jj-i~ J-lIj-uI Jl9 4_o*jJj_o* 

{j iii ;* X_3-ijt^LLj| JaUiVl La! .fjJI cuUSK i. ,lf V 5JjL9 4lu 

. jj I ■ eaj I 'Cy-JI Laj!^ 1 1 ii-r'q I gUS-U \*,,,\ i" , " < I A , ^ 

.CjLijjijll (J^. J}^*-^ (jLuuVI (jr^ 3 ' 1 I o' l£j^' JJ ' "*"..' ^ 

, L^>.Lj Lcjj (jl 1 11 1^ 1 % i"i * \ 
(jlr L^jjjlsj cjLijij^LlI.1 <_a^LoJ ,jx. i_iLjSLII I j-a> (^ Ijjj^ Lujijo jJLJ 

D N (j J ^ SjU 5LajLi!l SjAjtVl liJjJJ V (j-a Jg moXI ^JLtll sJjja jjjs 

« i-L L i lI S L u J-JJJ 1 ii^l (_£ J (j i-i 1*^1 » j I ii-i'^l «(j J J . SjIjjJI (^yi A 

4_i_>JI CjLljLS-J! j-;us^>- ^>->j ^j'-*^ SjLa jjkj deoxyribonucleic acid 

( _ ;r 3 3.jLU OJLA J^J-JJ ^fj) (jjLCIl '"'I a 1 a =LlLc (jj^J i_3jjj/ U. 5j a ui^ Jjsjijj 

(9) 

jJljjj . (RNA (jj ^ Cjl_<j/jj_Li (j a 1 m~ (_yJ-II ^dj-^^' CjLu/Jj-loJI 

(Jila Subviral particles CjI ■ "jj j-aJI Ci>j CjI nj . ..->JI 3jijj>.j^ j_lc. L^jI 

tfjuk 3JLs- (j^-Ij .(^jLlII J 1 aAJI ^ tfj^i (J. 1 1 " iS '^ Scrapie ( _ 3 jjj£L<j/ JjjLc 

c_^jJUI £e_j_L«a 1 Jl2Jj . 3 Jt^ J_a ^ J C O-J 1 j L o * Lo* i LiTlC Li (J_o 1 jjlI 1 
Cj Lu j^_j_J 1 » j^A-t-al i^ys> L>. ^e_i ijJlC cLjjj-a Cj L1jjj>. jj- 0 ^j-^ ^ 1 1 J-A ^SJu j 

^ ^c?^ .5^' ^L)' ^ ,A JdL? ^Purines and Pyrimidines ((CjLLj-l^j^joJIj 
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(deoxyribose jj ±jj . ..^1 ^ a i nj) j *s < „ ,j_a CjLljj^a_i L«_a - La • jj " 

£^o-l ijr ll jj-a ■ ■ ' ^ u se IJ j">1 A , ..jAtl ^-yj CjLc ^_aj?e-aj 

JJ^. JlXcj d ri I" -s i 1 D N A (j-o J^J-JJ 

J ^ CjLljjj>.j . I La.) i uj Ls!>Lli-l lII ' imjej \-<S I » i uLfe La^toJ I j i taju 

A i t~i\ J *C Hi ^jji 4 ri I" -»J. 1 CjLja£_tl aJJb (j-a 3Jjala i " ' I -i J La " (j 

P J " '"' *l-2j>La cj L5jj_>J ! (j-u ,3j I j- 1 ^ I Cy^3 (helix LUi ^ a i .mj) t_J L 

JJ-ao (cjI—lj J_l^jj_j-jJI j CjI_Ljjj_ljJLi d I "i a a) jj-aj £ t-*Jjl *j a uJI 
4_ui£j 4-iiLa-]J L^jLlo^ JJiJO La^ i ( _ ;r >JI j^jISLII L$-La QaSiij <_2oj-u CjLajj-l^l 
(_gjJ! (j^sLiJI 4-ki-jj ^j^. (J^-Ij . 4-tlaJI ( _ ;r 3 (_£jj>.i 4jj£jj CjLjoSLa 
Lj^LiJt 3jJL«ia oLolSLII ^ 3_<1>. J£ jJsl^Jlj .4jic (jjSLj <_3ojj/ La JJjcJ 
£-J-a^>- ( _ ;r 3 (j-Uj_a ^lila-a (j J ^ Jajj_<iJ! (j-aAj QaSjj . Jojj_<SJt I JJt J-a-au 

JjIjI J_La LjL<^>.| fj g-il^ OiaL ujj Jj jji.jjj.^J^iaJI =LpJ! CjLcjISLII 4 

^1 (j-a S_ulj^JI CiLa-LaJI JjUO genes Cj^L^LJ! ^ n i ."i 4jjLH£.I 

Mendel Jj^lo iiLtji jLLo 4jIj^JI 3^u!jJ (^i^. ij\ . h'iVI J-U 

t_!jLajJI (j^s MjL* Lt^J i." i j ' n"r^l jJ! OJLA (j^Jj ^jj/LUI (jj-^" (jr^ 

julj Ijj j ( .ijj^-lIII (j-o Sj^LL CjV^L^/ Jjj^uJ! ^<u JlIs .Neurospora 

(_jjJitj Sjj>.Lc ^illa i "'jl i ea^ iSjjjjJ! 4jjLajSLI! L^jIjJ^ j>'^'' cAjjSi\ial\ 
I j t-iJe Cjlj-^LLaJI i>J_A JlLa ^jjjJ d o La * a «Lj_o1jJ dii u allUAll ^* > 

j<ujj| ^LlljJ SJj'j i n a genes 3 1 . nLj ^Li (J5L2JI I j^Ia j«u lj . .i i-v 

i^i a ^aj (jjs Sj^LLa CjV^Lj/ ■ aaj Ljj_uSLJI (jL i— a I i^m^VI . Jl>-!j 

SjIjjJI CjLkjI (j-a SjLiil «La^ jjs LLaqjSi S ^ j j i u cL^jLJ^a i_3^jJi ( _ ;r 3 

( j-a ^_ILi3 ^jy^-Jl 4_ijl_a_jSLI1 dJJl i ntl ^-Ltla^aJ l^qjc-UJ ^yA (jl^J iCjl_i^)£LiX! ijr 3 
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(jLuiUlg Olj9j.V1.nll 



4-uu\JI 4-lLLkJI t_jj_>JI J-lS (j-lLmJI (j-o (jjjiinj! ( _ ;r 3 4j^-l>JI -Llo-iSLH iJIuL^ 
J^Li. 04-<CLa! t3 j « j ■ La II oL*Iitl ^Jl^j Jo- jls 

iJIuL^j 4-Lt-LjiaJ I CjLrtliU J^-iAjeTu L&Jjlj (j-U.mll (jjs ^jVI 'j aj llj t_!j_>J! 

. cjLj/Ij jJI i>jLa (Jila 4_JL«J! cj ^jejJ! 3jLo ( _ ;r A- ( j^jLl!j L^_uSLJ!-cj|j^S_Jkl 

" Jj * * " Cr'i £ ^ == -^ 3 ' w 3 'J^ 3 j'"i_>-^^' CjLlLoX. dJJI 1 11 U uaj Ltj 

4JLLieJi (jl < j Lj Lxj <1j1=>JI «£, j m» (^yl!! mechanism 3-j-JVI 3_j_&La ^tjj 
OJUfc j J ^ J d j ( iiLn/Vl 4_uutVI (jVI i." 1 x < 1 o I J-ilj .(jliej La 
Cj La^ Lt U £--uij>J ^Jjal_>J1 « uLajj-ifoJ I )> ^Jt (j ^ tj^ .fil^txlslj CjL d -a- t JI 

i _ r JI (j ^ L ^ a i> J -" (1)-* J * ? (JjLt_ujJ1 (j-a *<LjlseU «L>.LlU 4_u1j^J1 

j!j_o (Jjliej ^Ir SjjLUI (ribosomes cjLojjj-ljjJI) 3_jJjJI (^ j^lj-U dJJj 
joJ it_jL*j>. Jajj-jJ! ( _ ;r L^. cjLaj U U (j-a j-uSL!l (_Lti jJsj . 4_lL>JI 

jj_jl_<_uj-11 ^Jjl* d I j , ,ij Lot . j_ijl>. mi (^jAjsj ijr II j «l»j_uLlU ^JjLcujJ! 

ribonucleic j j ^ lLLu-ISLu ^jjjJI '— 1 a» ^ a . iu SjLxj I *" (^r^ Lg-j*l>\9 
■ a I * ^ j I j :<tj ,j j^J ^L*JI L^jj^jj hu (j-Aj iacid R N A 

i ii a feedback t^l-^l jJI £^>.jj1! CjI jUr Oi^c jJsj . <LoL& . ^.A" 

Cj^LcLoJ jjuj 4Uul_J! CjLrtlil.! ^jJj lixjO. isynthetic pathways (Jjlitlll 

i JjuI (_jjlo (jJI cj! ij" i nil jlLo j» jl2j ji^ CjLJLjjlI! « j^J I * 1 j ' a (jl Jj • 'l-yj" 

(_g j Lo-lSLI I t_x-i^j-lJI (j1_i 2 I 1 a II J OJLi (jl La JL>. (^JJ (jlSLa^l ^ j 1 ^ La 
. (>J-Ljej ^ C^ojiejjjl ^pJI 3jOj>J,I cljLjjLjjSLIIj (j J £ ^ JJL>J>I 

Code 5 >jLuJ I CjLij^jj i.'iT u^ij i«QJLLa^/l (_psLaj>.VI (jjs £ Lj-i-J^ ^- ' LLu JjjJ La 

3^^j(_o j Llj^2j S-jlui^l (jlaLjjv^l j-jjio- (JjLiij ^^1 structures 

.3jiLc 2 Laj SJilj^JI 3 j 1 nL^/^fl tLa^JI <_ajijj>. (jVI I * -1 j*» ji2a .(jVI 

j_a L^_ll_3 ^ a J OuX I CjLaj I » U Cj^Ljj^ajj ( _ ;r 3 Lut (Ji-jj (jl Jjt" 1 ujj 

jlLi 3j_iL»JI Sijjtil t_)Laj^> I (j^s f. Ij-2JI ' taj. 2 La^jj • !^L«L^ LLj^ Jjjo 

^Llia L^jl 4_ujij^_lU 4jIjjJI OjjjI J^J . LaLc ( _ ; ^jjJL>. (jj^J (jl Cj J_«J(J l_ aj£ 
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j_^3 o^l L^ji Li^ i4_lj>J! oLLjLSLI! sic 3-<-u!jj ^ rc^All 

Dalton j cj!j jJ j! jji-jj La£j . oj-2J! Ij-a> (j-a tr'j ^' t> ' 1 er 3 ^J^' 

j! LajjjLA jjj^j! dUj£ 'jjJjVl ^Lj^/I tiJJt 4_uLj}_l3 SJLlo^. 3-jjL0c:V! 

Lajj^Ji Molecular biology «S_Lijj^>J! L^jJa-uJ!>> ^u-j\ 3jLa-£a-uJI SjIjjJI 
jLlc! I^JLoj ^iiLtjSL! 4JLU £-UU <_j^L>. jjjl>J! o-^j) W 
3 1 * Escherichia coli (_gVa^ I j m.jj j uul t_j^j£Lus ^Ir j ) i <aj La J£ j! 

j"^ '""'J «» J p j rt ^ ^ »1 aWUj ,4_l>J! Cjl_tjl£LI! £j_aj>. I ' a >l 

Cj^K Lt£. j Co yi cJ I j La J L>. J£ ^Ir j . Jj^LU V I (jlc 'La !j_c. (^jj 

(_-<-a-JJ 4(^_o*^^a-u^£LtX1 JJ^" ijr ll CjLjj)j£LiX1 jj laj Lj3jl?c_iI Jul] 
L^_j LiljU 5JI i .1 U (j ^J-^j a ta II I uuJ . I tLu < .i (^JJ Lcj-Ijj! Jjjtj (j! 

I jlj . ( _ ;r ->J! (jjLSLILl (_j^)L>J! q J ^ ( _ ;r ^ (_£jl_a-j£ 4I3I 1 11 u-l i" Mi^Lla 

a « i j] 4_i-3t m_a_LiJI d » i"iV1 ji (j^i^l 4j>jiV ^ilLa t_ijj£Liil (_p3jjij 

Jiii I < i>iljILa Lot O^o' • CjLaj jjI£jJ! t_!jj^_Jk! j-^t^. LtlLi ^iil! 
JUS .4jjIj^JI 4jI a 1 a j-J-»J ^a (jSLIj jjLCjj (jl t_!j|j£LLl! ^ilaJ ' 

C^jL^ Ji^j .mutants al ta II ,j_a 4ILjjj ^ j i a J j A U It j^jjG 

,-jlSLa! 
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jLjoVI S^LcLi i_Sj_jluj a I U tl ,j_a 3_iJLj 3_j-Lq-£ '"• * 

c^jlS J (<_>") dr^al"^ (.j-II £Lu>u ujySjji <jji CjIj^LL (ji ^la . recombination 
^lj_a ^Lu>o 4_J^Li_u .J J 1 a >i 1 1 ^t^". , ,. \ LuLa (j^Jj^' O^J-* j2jeul\ ^[ 
( j_ u _oj ( j-a cLilHjt_o "j ala JL>.| (jLt-uj^M (jl ^aJ^ J (_^-i3 J jjjj CjLLj_oLLl3 ijr II 
Cjlj_aLLaJI) I ggj , ..I j j u j l) 4 ii I" -W-a CjLu-aLUa ^1 ^Luso t_!jj£LJll 
4_jjjJI a ' 1 (jl J-><-> 1 1 ■■ a SJlj>.!j 4_Cjj_a Lt-Lajy (4_uL<Jlj ^j^/l 

^_Us1^J1 ^j-aj • ^ j (j-a 1j jjjj * cjLu_aL*_ia ^Jl ^Ll=»o 

tfjut (jl j»ajJI (-SjjjJtUj •l£>^"' ^O"* 5 O" £>* -^'j-^^'j £| tP"^ 

jlj_a^l gjlj " I I iCjJL>u jLjoVI "jLcl ^ .i 1 11* ^pJI <Llaj<JI 

Ljj_ljSLj (j-a cjV^LjJ! ijfU-i (j^Jj 1 L^-uSLJ! l. i lr I ( _ ;r a Lc jj cjj jl>JI j-sL 

. I j» ^ CjV^Ljj/ a 1 ii"j).sL>uVI SjLcl (j_o 4 « ^"j a dim M «L«_a^/l 

(12) 

.Sexuality ^ . '<yl\ juLClII ,j-a Ijl». (^jIju ■ La 1 4jLjj>JI jJl-uj (hfr 
(jSLIj . LjJjJ! cuLoLCJI ^ jjKi!t (j^s £j-<JI I j-a ^^tj jjlalll 4j! jj JiUj ji^j 
■ A ,^ tl ^ jjJljlII <U bacterial sexuality Lj_lISLJI ^ ^ . u'<yl\ juLdJI 

((Sj^^jJI)) d a ■ a w La * * £j1j-j_J1 fiLi_ojl_4-<3 (jl 1_Ajj>.1 ^j-ojJ 4_i_tJtJLl1 

((Sjj^jd! » (J^S 1 11 U 4j!j^I! (J^sLc ^1 jjujj . *i I ■ ^~ . .. 1 1 j| «4!uJH » 4 jl-Vlt 

lii! !i ihfy>» « ! j» (j» CjV^Ijj/ VI 3_ulj^JI ".sUI 5_l2j j_uila 

JU>.i "i mi a SjLjJLc ^a-Sl t^aj> d 3 j 2 >JI «Uj » tl) ^ LJL^-^- 1 

. (Jl-«-j La-J-3 j-j^I J J ' a **'.' W O^LH 1 ^ 1 ^J-^j) • 3JjGjtil Ljj_uSLlI! CjLi^V 
J-aLtJ! ^jiLa-l j 1 11 i -v CjV^ 1 11 tl ' La ui ' 1 f^yJtj-a I ^ (j» CjV^Ijj/ dllajj 

(jl . (^jjjijjsjij£LI I) ^ iu • a 1 1 sLulj^JI 3jU,l «Lt2j (Ji-lj ^jiajs djSLlj 
I jLfl '.^ i ni->JI j3l£jlJI j^ia" (J^a- i—flj^ia j^jUiitj ^1 Lb w j~ 2 (^jLLtkJI 

(_Lja (_gj_uSLi (jji^)_l3 (_L3JLl 4-jJL^ Liu Ljj_uSLlII ^ i ni->JI jjLCiII (jL^ 

4_<_I I ^ 4jLiuji (_L%al (j-a LlLkJI CjLoISLII ( _ ;r 3 ^ 1 ni->JI jjLdll Liu 

.M j ala jjjl 1 ..tl (jL^ La Jil! degenerate mechanism 2 Lajl & (Laj_uLC;La) 

.transformation Jj^tjJI ^ a . ."i CjLjij£LJ,l jjjuJ lij^' ^-2j>La liJLubj 
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£^aj (j»o Lj^ j**t^ 1 1 1 <Lcjj-a ijr ll ^ilLo jjjj (j_o Ljj-uSLJI ijr 3 j Jr I * a • «a I ^la 
(j J ^ jnt i (j r-i" <ii (jl (jSLxJ o^ 2 ^0-3-° O"^ ^d>i-^-^' (j-O 4-U-UJ (jl_3 (j^S 

J)j d j o its! «L_j_L<i_*J 1 £JL$Jj •(_>" ^3-^ mi a Ol d i ga JL>.Gj (jjj (j_a 

,jSUj j_lsIJL«J! 2_a jLla (jl ^LJj dJLla (jL> dlti i Sj^jj^VI 3t; — .M II 
(ji i. < i in 11 (jl^ d *..'^^ cr^ 4-2jj-LaJ! dji^j (j-u J S (jl 

■ La j se a (j-^D N A (j_a I j J a La jj.LLa.jj J I se " " j CjLijj-SLlU (_paaj 
njLLJojsLj (_gjJI j^eJJI ^Ir 3j>.j|jJ,L /.I SJjj LjLlIj i4J 3 j?l"iU CjLjjj£Ll1.I 
CjVLsJI (j-oj j j al S « tl cLaj|_2x-i JjiIjjlII J2j ^1 w gj 5 LjjSLIj 
£jj (jjs Lj_uSLJI <j1_i 3_j^_l>JI \l I 3_ajL2^i j La >■ 1 1 J jJLu c?"^' 4_lLjj<JI 
3_ajL2-U oLjj_SL<J.I a « j ; Jj^tJiJI LLjJlX.1 IjLa . jLoj^l ^ ^LujlLvu 
4jjtjjiaJ! CjLjj£LlU (_>^ajLj ^1 3_ojL2ll aJJt JLajj! (jSLal ^i^TS-^' CjljLUajiU 

^1 i^Jjj jl (jSLxj transduction J i^l^ILlI ^ < ml 3 jl <r lj^i-1 i-lILuaj 
Ljj_uSLJ! cjLjjaV jl Lj^SLJI cjLvujj_i3 3£jl ui <i i . cjLjj£_<1I <j-u j_jilUI 
^ n i ujj I ji'-^*' <j£L! i LgJS 1 J* " Ljj_u£LJ ! cj L«2 V j-£&3 • bacteriophages 
L«j|j i LjIj! (Ji-I -5 j»5Lu ^ Ljji jjujj J*^" ^ 3JjGjtJ.I cjLjja^UI 

■ La a a 4_lj>. j |_>J ! CjIj_jJ_U a « J j_ljLj CLtJo JjI^kJI aJJt < La a< ij jjl£ju 
L^ijLc (j-a 4jjIj^JI CiLa^aJI ^j '^'; J^uo Jl^ LdJj (Jj(-flJ (j^>- • * 

La^ . JjI ^j(J! ( _ ;r 3 3 JU JL>. 4_uljj dlLa i a J Li- »^jt^>" . ■■" Ljj I ci^o- jjJaqJI ( _ ;r 3 

(jl (j-SLa-i (jjj-uu-o (>-ljb^ JaLujI (jl (_gl iaccretory process 3_j_a^ljj 3jUr 
4_u!jj CjLoj^j ! j IjljJl>. Lcjj : !jL>.!j (jLuV! ^ • ■ aj (jl JLs. JJ Lajj 

^ t '^\\ ^J_ LT t_a_ r J 1 jl (j| CjLaiiJ! (_^JaJLJ (j_LajJ . L»_a ^Ljo-il (j_a d Qj ui rt 
H IjjsLUa IjjI (jaSLj Oa-I gqa i." 1 1 n^Lijij^iSLII ^ n i ii j (_g jJlj-sLLLK^i 'jljj^XH 

(jl ,3_Lj|j_pJ| 3_lL>JI jjj Symbiotic alga ^LaLSLlx I .l-»U (j _UaLU jjb^ 



(jluuUli) Olj9j.V1.nll 



u" Itj-SLjjl LjtjJulj^ .i 1 11 U Protozoom ^j^l ^Ij-ljJI jl J laJI i_Jlc.I 
<gLl>- ^ ((j^oLiJI J.^Att ^ oUsjL^j (^jJI) Crithidia oncopelti 

L$j( .«CujL»j 1 n* SlaLCla Ljj_uSLi 1 r -(Protoplasm ^j^Lijj^jJI) 

CiLt-ajeTJI (jHjj <Jli Lij)j£L— U ^gjJ (J^lSjiJI I jut (JfLa <l Laj m-i 4-LSia-La ajiaa. 
(j_aj . 4_L_aj 4jIjjJI jl g -v (j_a (jnl^Ldtl JLs-i L$-i3 j 1 aj (_y~-!l 

diL"Lii!l ( _ ;r 3 "ju"ji,l i " 'I j » jj a II Sjjjjvl (j_a d j 1 11 ill jJ^S jj 1 ' (jl i_ojjJaJI 
K II J-lIaIII <j-a ol uij (_ylll chromosomal apparatus I j 1 + 11 CjLil^-pJIj 
-J j""i 1 11 U lJ £ S_ulj^JI "j)LU JjJUtj (j-a I al'al ^".Aj jj , ^."11 q\ | jut ^Ir 

(3 j 1 .1 jL3j ^' 5 '* . I J nr (Ji-JilII "JaL^i-tjl 1 n't^l ^yfl Sj^j-jll 3j)LU i_dju (_yi>- 

. cjLil^pJI LLi\-LM^jJil JjI jj>^ (J^tiL! 4LL2JI Ljj_uSLJI ^1 juV" i J 

1 a j S[ "' (j I- l_L>.j_<Iu L»S j alajJI (_yJLc "jjuUI L#]j-Cj Lijj£LJi I . iuj 



-^_yjlftj( J ■ aAll Ltl I Mi^lj-i— a^Lo»VI 4jljj/!j ^ J*JJ^ i-3_jjJo ^Lal I j . ..A » 
CIiLj^SLlU (j I . (^^^JjjjJI (jjsjJI (J!Ai- L$jL2-> ^L? 0 (jr^ *- r ! ^ u -"^' JLs-l I JUt J 

Ijlj -<LpJ! ^LoLSUl ^ Sjut'U ~Ljli»tjJI cjIjjlSJI ^^lc. JjJju Lojijji 

(j"m (jrtJ?" 1 (jjti23 (j^-ill CjLtjLdl (j-a <_i^jSL!l I Jut tjK 1 11 1- 1 Ir I 

-4-u!jjt^UI Ljj_uSLJI J)^>.^3 jjU'tl jjjui J)j^*-o tiJljL3 i3Jjii«_a *LLu 

i." 1 1 njt tjr&^ ^HJ^ 2-I-iL«_La t_^jSLI! I Jut o! jj ta" 1 1 "LpeJLJ LSj-mx 

( _ ;r a I j» a (j"n*j Laj ' thiobacilli n I 1 "Li^u J>5^>-j '^d^ 3 d J ' a 0 * 

Jujj] c_(£^^ ^_y3 1 " «jj T^"j Cjl uU L-4-1J 3l_j_>J1 ^jL) I in i I fiLua^_<j_>J1 ^J-tjj^ T lJ A_t_u 

5LpJI CjLcjLSLII 3jji^ (jic LJjG halophiles 4^^Ui! ~U>JLl CjLjj£LiI,l J>>»-j 
4JLlL2JI CjIj-lx-JIj jLa_J! CjjL-aj CUse lm JL3 Clu^i tfLjll (jl J-o^tlll (_yl^ 
LjJjGi barophiles lLj « 1 a 1 1 Su^JJ oLi^SLjII Lai . L>-L>-i Ltia di!jj 

JUJ o\Z La ^LdJI JaJLLaJI j! jLc 
JuoaTiJI (j-a SjIjjs. (jl ^yll Psychrophiles Sji^j-jJI 3_i^a ciiL^SLiII 

jujjIj^JI jjjjSij J JLjj . Cj Lj jj£LJ. I (_£ jd I 1 aj] SJ ^ia I 1 aj| OuL^ ^IjjJI (_yLc 
' L/ 1 i_aLi>Jlj 3jlj_>JI (jjs dllj-ia £_a i".f I La" 1 11 1 SLpJI jl J^, 

cjLijij£Liil LJjG dJJjdTj I > se-LaJI cjLjLiIII (_>^»j 3jJl2JI ojut 



jghjJI ijS CiLigjS.i.nJI 



CjLvjJ CjI uu jls Qj&j Lxjj SLpJI (j! ( _ ;r Lc. ithermophiles Sjlj^tU <LjJJ 
(jl w 1 c Ja a -»**' * ^jt c_t^t_i LlA . 4j^Lo «L>.j_} 90 ^ 1 m 3jL>J! (j-* 

CjLjVjJ! Yellowstone Q^" i njh aj^-a ^ «.LU (jLAc. 3 Us". 0jj-23 jl>JI 
(2j^>- j-flSLi ^Ir I 3jlj^>- ^J^j-i J-^- *LUj 196) .4_l^j_usVI SjlsbjJLI 

Sl_j_>J! I j t i **■ ~ ~ (jH-II (jlr I JLs. i_l!Lufc (j .ijl (jl JJ-JJJ ' ajjUtl 

.dijLtJI i>LjJ.! ctlajj_<l/ 4_lu3jVI 

: I ilaj 4-ul3j^/l 3Ljj>J! I gjlc jJl2j (jylll 4-Juj-l>JI -Llo-iSLH jjjs ■ La ah IjijJlxji 
n iii o ■»• J_La i>_GL-u i." it i ir-il Lo_d 4_*jLiJI 3_)a.pJI - Llh-iSLI I (jL dJJj 
CjL]J^£-lU VI I Jl^v^a (jl^ 4jI J^ilijej LI L&Luioi Jl>o Vj . ol>. 4_u_u ^j^-JLa 
4_«JjL2JI Slj-rll (jL^ ' .j-iSLajJI (jLjuVI j-i=»<-i 5JI i ii U (j^-Ij ■ La 

^^XJ-^-r!- 0 1 1 T ' 1 " J-*J ^ U3^l >*■' 0^-° Cr^ fj^ jl Uii^l Cr^ 

SjijLJI ^LljJI (j^ 3 ^' cr^- halophilic psychrophiles Sjjj-JI j 4^.^UJJ 3_L*-a 
^Lil 4lAl,lj thermophiles Sjlj^ti! 3_^>JU CjLi^SLjII ^1 S ^ 
u I c IjjuLLo t_^lj£Lll j iL-oJI (JJa ^Jj 5 Sj_ajJI O^jj^-JI J j i iol 
J_0_fl iqj J j i ii 'II ->L22cVI I jut (jJLc I >Utj L»£ JbV! (jJI jjjj ilxll <j-oi=JI 
4_i I ulj H 4_^^jj_fl_JLj JJ->-a (JI_j_2jjj/I liilj (jjs ^tC.jJI (J-°Lj 
cLuljjt^UI I Qjuxi CjbbjjSLil SJjHjJ.1 CjLoLSLII (jja ;_gj mi j 1 1 (jjil>JI 
Ij-jil^ (j] jj-* j-Jj^tHJL) ^J-t-^iill I JLA C^tjU^l J-SJ S SjLjjlj 4 j i n o mi 4_a^La_La 
Ijlj>. ^_Ual (jl (jVI iJ3 _5 c_o*j L^JJ . ^-qjftt T JI ^-jLia ^J-^i^t-i 4_»^l i_S^_(-u La-o 
. JJJ^>- J i ^ a ^bn^l (J!>L>- (j-a (j i ht'iII IjL^J 



La 

>l j Sj i ,i a oL^SLLal! (j? lilfo '■ t-jLSLJI Ij-*^ Lj^j 
<LL>£ <LjL^ OjJls. ! jl VI ii_i£jSLll I jut ^lc 
^£Laj V <J^JlJ1 1 JLA ^j| . ^-^J j"i u^l -^j-p 

^j-u_L>JI Lg_i£ La_i iCjLI ^_j_>JI J-i^ (1>^ (J^- 1 o' 
j i i* II Cjj_>J1 ^Ll (j\ ^L_a £j3cu£ . mi i II 

^Lo Jjilaj Vj . 3.jjj-«_a (-it j jJa sperm whale 
La ojLli^j JLjJL»jJ (Jj-JJ C*"^' I CjVjL>J,I 

Cjj_>JI CjL*-j_La ^^1 (j-LLaLli d_L£ joJLkJI (jlSLm 

rhinoceros oj-2-ll J-j^>-J (jl <-dJ . <LujjJI 
4jLsj (osprey/'^ <— a 1 iittlj Pangolin J^JLUJI jjLLj 
L&jLaloJ jJaHL Jjs^/t (jrLc I>jLLj LI ^^p- £ft ' n <!••«• J 
(3^1 JLs- t^Lc-Li I j kA-. | j| VI e-i^jSJI I JUk 
(^Llj Li^ tj A", It CjLcij" i ii a CjLI^-l>JI 

,_L».L^ SLiJVl j^LU cJU.1 jlSs i Liajl cijLLuJI 

^_a L^Jj^sO J_*_i f.\j-x-i^> (^1 ^jJI a mi tl 4_l2j^3| 
J-iJa ,j_a jKj i j M . r (j-jLxJI Qj-3-II cr^ £g oluit l 

.^j^jjjJIj * )Li£.V1 ^U-u d i < «Li£,1jj d 2 la ' a 

. liJj *C i"i a ui ill n r-»J1 i 5j i rt (jl (Jj 
(jVI Lj LaJ QlJJ 1 ^* "*""' ^ ^ tjAaa ^-UsIjJI (j-aj 
^laj ■ joJ "LlLc 4jj_LajG mJj^ "Lj-*-" 5-tI i »>U (jl 

215 



(jLuiUlg Olj9j.V1.nll 



. Ltl jLa I >Li=ij j! jjrtJ^tfiJI aI^cVI J}L>. (j-oJjlII JLiJI ujL^^^-o. 

c_uj^tt_iJI (_£JLa 4_ajL-£3 4_lju*_l p_(tjLli£,l ^£ 1jJL>.Ll (jl (j-ljj's i tuJl ^^ji^. (jl 

(_^>. (jjLC (j S jj V ti^jej 4juj_1! JLusVI (jja cjLlU ^LufuVI jLiilblj 
IjLax. c_t£^£LJI Ijut p (j! * Jj^-^l Lo-^J^ Jj^ 3 ^" ?c - 1 J * N j ^ rt 

4ieJu-uVI JJLC 1. 1 1 iit-l (jl Lcjj j_uj»jJ! (j-oj . 4-ul^-pJlj 4-uLjJI SLpJI (j-a 
. ^L3j^/I j-uii pu JL3J 1 JU^aiUI I JLA £Aja Ltj j x flj ^1 ^Lojcj Sjjj-lI! 

uJjjjSLua (jl . Cj Li jjJSLjJ. I (j7i J »"t 1 3j-m a i_3j|j_laJI aj-tb (j_a jojLjJLij 
2_ajL2ll jujui Micrococcus radiodurans ^LiLa j-jlja-O jj-sIj (j-u£a£aj£LLa 

La (_3l * dlLLa LaL>. d ♦ Mil (j_a (J_aj^_u ^$3 i^yujbjuz ^e_l * MijAJ 

CjLl«^ (Jjsj»_u lX>*" ' 'WjlJ^r!- 0 <^JLut (jl . 4jJ)L«J! L^L>J1 M-LajeTij 

(_gj ajlll ^>L^I SjjLs Ljjl jJljjj .(j-g.1 » mi VI JoLiiill (j-a 

w I c cjLj^jjSLjJI! SjjJa (j^- '-. 'j^* 1 (J^-° j-^j • I a< i-c^l . ".VI 4 , , , M j 

cjLjjj£LJi! * jut (Jiua 3-IljV (j ^LkjI/^! (j^s mj j" 1 n a ^Lul Ljijl I jlj . i_ijSLiJ! 
jiLSLi V 4jjjJI J jI i 5JI (jua jjui (^JJ 4jj.Lt. ^ LSLI <_£jSL!l I jut Jla ,j_a 

. ' •*****' 1 

LjJ Lea-C (^jJS (J^ Ul ltl (j_u_L>J! £-Lu (ji JJ - eaj * (jl (jSLa_l V ^-lL^JL (jjSCJJ 

L)o_L>. p-AJ miIj (j-i j ( u\ J 1 u tl g I 0 <*j 11 (_L^>.| (^y_L>.j , ^LiJI (j_a JL>JI I Jut 
j-l£l JLJ J j* tl jjja ^ Jiir" 1 n" 4jj jJ! t_)j_>J! (jl-jJLy Li^lS-^j^j Jj cLttia-«JLl 
^__ujj>. ^Lal JL>.!j (^ mi ^i^alu (jl LiLJj (j » j it j ,4_LL»_flJ1 cb_ojLj_L1 (^yb cLLa 
MjjjJI jLajdL JUJupJI (j! utLo 4-u-uL 1 nil 1-1 tfll j-ll Mjjj (jua (j^LJI 

^Lojj! J.* <_ 1 j 1 11 ILa-LiSj-a ^Jj-Sj_o.^/l ^ 43jl>. Cii^. (jK jl 

(J.H i ->.tl (jl rO-xla-» tt JljJ j~ 'I dJLUj ^^jJI J>LJI Ju>.| ^^3 3 mm* 1.1 

a, I <Laj Ju5 La 4jjJ jlj I a K 3Ll>JI 4j^3jj>. Ju i'm (_gj ijuJ I 

(jl-£_jJaJL) (_gj_Ia_i d ^ a. j (J-5-aj J ir^iiill I jut ^^3 stla^l La J^j-mJJUx.j 
( j_ - o ^ i A * A I ■ 5j i 1 IjoJl^j Julul CjL^^SLlLI (jj^. m^ ui itl (j ni-»J1 *j Laj i 

jjj j j II uJj_>JI_i Ijuil j I »"n V I Jut (_y3 <_ u i ullj .SjjJI ^"j Laj i ■■ 

4Jal i ii jj i. u i ullj . jlj 5 ! a miVI (^1 jG i_!j_>JI OJut (JlLa C^jLi (jlj i LjjLLCalj 
(j^a ulijljj L^-l3 (jjjLiJI jl i c I *j i a sej 1 1 Cj IjljijjJ, I dJLUl jJi] '•( -J -L l-a^ 

oLISLal 
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. JLiia^/lj £-UajJI CjLlSj (Jj-*-a 
. 4_Lal_Ll!j JjjU <LuIaJI Ljlj-U 0 Jufc JlLa LUaji Jjscj O-a jja L#ji Li£ 

.jjjLa .j» M"i i .i^fl j^j jL3j . (jjK i .ill jL*-ajVI LbjJ j ir^i I dilj (jlr j 
j«JL«JI jK < .1 (j I (j-Lp 2 taj ■ uj 3 1 1 M Chicago j^Kiin 4_»_aL>. (jj> P.M.Hauser 
4^1 a" i ii j (j-uill j»Lc ( _ ;r 3 i-dLufc QJ^J ' (JjJtiLi ja^J^Ljj Cjj a" i ill _aJ 

£j j-uLLU o*^d^' ^L*^' ^jl^-<-u t a L<a * £)1 i _ ;r A Cj Li L.uj*J 1 aJJt (JlLo ^Jj g^jJa^J 1 

5J j g i i ^ 1 (J-^ol1 1 p j la S Cjj L-u * ^3-?^ ^ * )j LS-i ^ ^j-u±a j^y^ 

^jj>.( t U c- 1 , * j^AJl <Lu_u ^qJLjlII jlSLl-U _i JlC t ^ c- I , < l_3^_ul3 

j-jjlo Worthinghton jj_i£jJ1 j-jjJLj l. t-ui^ <j-\jujlj ^juLl! ^Lc 

(jjjijlj-lj j«JL«JI tjl *C i .I (jl (jjs ja£.jJLij .^jjJI ( _ ;t j>-^Jj t ljJI ^_aLj_j_jJI 

- La j j j i_dJj 1 r j Jui/i *i-Lajj 4JLk I ^UUI lJ \c ^«JL«JI SjJLS 

jLajJI (JLa- T L>.l JLilj-uj ijjjjLJl * ' Ha * j] (j^-a_i i<l uu + ll (j^j" i n a 

~, ,j , ^ (jl mi VI JJLaj /«J lilj . (jK i nil jjlc jjJijo (jjs Jlj ^La .(_gjjdl 

4_^al_UaVI S-jpllII ^gjl i nU (jL-maJI ^ Ji-jG V oljLlcVI a li-it (jj 
j»L>JI (^ (j^SJJI (jljJfj 3_,\l ,^-,aVI CjLajVl Jla jK i nil SjLjjJ 

(jjil—iJI (j1_i ( _ ;r ^lj^>.Vlj (jJaJ-ll (j_a (^jJLiJIj (_yjl La_»JI i-ilj 1 mil w uiflJJ 
4^^jjt_o CjLa^Utl i>J_A ^JlLo j^^J (jl c_t^e_lj . cL_oJiSLo Cj Lt-q I Lre.a (^y^ (j^_aj>. IjUl 1 
2 aj Laj a 5JL>. i_ iLjSUI I JUt 3-a t_ij->Jl j j"n i 1 iij . j£L^a jL-u-i] |_gjJ 
^ 1^ I *"j La-i 1 jl (^jJI j-uIijj i ijr aljj>.Vl (^j-iLa-La^U 1 I ' aa * 1 1 liJ^l 1 nil (j_a 
LLa-Lm^a (j-iK 1 nil jLa-iiVLi JjJ^Iill w 2 p (jj^JI (j,-* L>°J-^' Cr^ *— ■ 'WjJ^r!^' 
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j«_iJL«j 3j£La]l aJJti CjjOjj>. lil VI ja^lll ij£Lio (jLcajl ^JLjjj La jji I JJt 
4^J_4->J1 £_jl ^^^>^ ' " 1 d-**-^ 1 JLA (jl dJJ!i i _ ;r L*_aj . 4_u_uLu_u jl 

1 Sj I 1 1 CjLaHlaj a LtlaJ I _j_o !jUj_aj 1L-1 uajlJIj mi" II _j_a J^l 'j^J 

__gjl 5 II ^ j liijtj -UMJ' J-°^W < *-^ I j-* (J-^J • ' " *l (j-o J^l £-0 

. 4i£ dUj jj^-- i fj '< 1 n"n i_ oj£ (jl Lut . ..I V 

JJaVl u I r I Lm-ajV LiJLH ^2 i4jjIjjjj/ Jjrt'iiiinU LujJaj OuL^ I jlj 
j! icliLjj^j^LjJkl (j- 3 Sj^-J-U '"'I j j ta 11 (__ r -& L*3 .3Ll>JI CjLajlaj j^LjjjtVI 

(jLSLaVI ^ (jl S 2 jS^.U-.tl L^jJ^-u^jiLill LJ (^jJI Lo njj^.^Li 

La JjI-^LlS (j-o LuIj La^-(j^ I ' m ntl (jl ^s-C.JJ 'J-? 0 ! '"'I ^ 1 •*■ " 1— al uuSl 

(jl (3 .' 1 " JLSj . LjSLa^a 4JI <i » "1 1 ill (jL^ I g K 1 1 i'-^'ni Jlj L*3 L^la • a ifuj^l 
2 « a j JLS __Lc (j^e-ij • "LajLiLU CjV^LjJI _j£. 4jsj>.LlII Cj^*^ i"ill I i ifLaLl 
'J J^-' (-Saj-u 4j_>j->JI ."<! \l . a ^ It iajLall CjV^LjJI _j-a I JUj-a (jLi 42!<JI (j-o 

J^L>. ji Sjjjjv ^b^^ ol jLiiA i_al mm^ Li I (jjlr Sj Uj . . . I I _j-a (j^2u 

(jl 4_aLc ^ ixaj J n "1 5e J j . ^LjlS I J * a Ji^>.jH ( _ ;r 3 <_ajL^JI (JjJLujJI 

iSji^j-jAI A j 1 j-l I CjLj^SLjJ.I (Jl 1 afu 1 ■■! Jju (_p3jJll _j-a SjLjJL>- U I t i j j LaJ 
4jj_uSLJI (jlalj.oVLa . (jVI iiJu*J lilli __Jjj (ji JtiilL fcilaj • Lui jJal^Jlj 
(jlalj-a^/l Lx-llj 1 .'--.-» " 1 I Cj L<_qJL>J, I J-^j3 4 J 1 frl ^3^-!! L^J C( 1 njt 



1 sLalj^m (_p3lj_o^/l ^1 1 n 1 ^? JLs-lj . <JljLij/^)_LaJI L^gj-uu (_3J.II (_,-a> 4jtcjJil 

jl L^J- 1 -") ^ '^*lj C? -1 ^^^ 3 J- 4- ^' ^ O - "^ t«(jLLij-i_aJI » 4_«L*JI 4 j <i I n**(t1 

51 ni 1 fiLajj-Ls (jLb LiLJ!i (j_c I 0 c . (cjL*_oj)j-LaJI (j_a Lt-tSj (jl uixJ (j^c^j 

(jl Li^ . 4juuj^jula1\ (_^j jjlII (j-a ^j^/I ^j^* 1 ^jLIj cjL^jLiiiA L^J (_ps j-LI 

Jus. (__j.ll (j I » "1 " (jl_^>.VI _j a (__ r 3 (_p3jj,l jj>-Ijj (^l ^^.jG Cr^' t_jLijj/VI 
till j (J^.J • fljLUaXI ^1 1 11-v^l (jj^Sjj 4^.1 i g II ^L«JI ^jjIsjILj-jJUj Li^-j-u^ 
L«jt^L^£)-4c.mLi 4-aLtlII oLlUjlIIj 4_uj/jj_LaJI __JjJj>JLi LlI^jjla SjLjj J-tia 
(j j La 1 1 a, I ^**'tl (jl^Ji _j i n^.j (___JI __^JiJj-<L_l>. ^_uj)j£Lj_a CjLc ^_j_Ud j_o (J_t-£5 VI (__ r 3 

.4_lL*jl1I 4_o*Ll1I (j^s 
^LxjI (__ r i CjLjjj^LlII ^>lj V" 1 ill (jl (__hi^I 1 11 II J ua-flJI (^^ l_ LjIj jlSJ 

._j^sjJI 4 jlr Lie S_iclLl^JI cjLujJ.lj J^eSLII (Jilo 4JLl2iII cjLjLijSLII 

3j 'I 1 ^"aVI cLo-LUI (j a-l Ilaj*.^ L«^ 4xLc 4^j^-CjIj^_>SLlI.I ^1 jJxlj-lii\ _j£LxJj 
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JlSj . Jlj^QJLi p la «j i_3jjji jljAI dJi" Jfla 4cl_u^3 ( _ ;r 3 CjLij^SLlU jjJ <j^Ij 
J a t"i i ii j titj'x CjI JLjjijj" i 11VI ^Lljl ( _ ;r 3 Lg-al JLy" i ul ^jji jUI J La all ( _ ;r 3 a L>- 

<l^ulo LilLlaj . SjjLaj^ SjlcL^o J^sl cjIj^SLlL! (_gjLa_<SL!l 2 <* I * < ^tl (_Ja»j 
jlIIj iSteroids ol juaj/i i ul (j£, SjL^. 2_aL«JI J_a->JI j_j| j_a jl jl 2JI jl«JI <j-a 

jj! jjs JJJ Laxl sLaJLo 4_LC.L*i>.l *L>.L>. ^1 i_Ja.ll CjLijj£LlL! <L»_l£La ds .5 1 

ojLjt 3-g.l 1 1 a (_a cjl_jjij^LjJ.I j_ ,1 1 n* (jl (jLSL^VI '3_aL«-!l (J-a-=»<JI 

(jl J—iJLcIa pi » la tl jjl i.ii 4_JI ^L_xj (_£jLaj£ Jaola. J-_d (jl 
Synthetic 3_L~ul?e~JI aLLa-iSJI (J^J-j (jl J^^a £j— *• SjLjJlC LjjjJs J Laj • ■■ pLitlaJI 
pi jtir" i hLi j^ai_JI CjLiLi^. jl 2 , „ ,tl Jjialll 4— .1 in~> (jl . chemistry 

( _ ;r jJI CjLjij'CjuII 4 i 'n'ij-ll 4 j a it^l (j^Jj , J , ..1 1 ^3 jjU" , ,, CjLkij^LlU 
0J_& Ljj_Zul JL3j a I « La$ I J Ll*j L^JjLij (__& (jLjij'^l L#j I i m (jl (jSLa-i 
(_p_a CjLj^SLJiI (jjs Vj . ^ -» ^ (jLj i_Uj i(jjijiL>JI (Jj__JI pl_>. ( _ ;r 3 2J| i ii U 

l-J La— j i_Uji£ ' (jr^ U3^ * <-3><-u chlorella ^LjjjJSLII 

SjijLj 26 4jJ i na (^ 2_cljjj| jji) SjjLjialll 3_cljjj| (jjs j_uSLi Jjal 4jJ i na 
I jl -Slj— >l 4— — u jl 4 i ii a (j_a 4_LjL«J 4_lLu^jJI Cj L>- Llo~ V I ^ J gj 4jLJj_a 
(jl <j— — II <_ i Ir Ij . (£_jj_saJLl Ij Ljji_a 2_pLiij~i i .iVI t_)jL3tlII £L~jl UjL>.| 
(_3^j_o p3 (j-*J t(j^l »**i i ii ) (_^oj-o (jliLiXI (j_a (J;j»uSLlII pi «t-»t1j ipLilaJI 5j-ujj>. 
oLVjJI (j-3 LiLjJl^. (j-LcI .3_jjJLaj J^>U 4^JL^5 oLjLilll (j^LtJcj 

,j_aj) p^till CjLaLx-a ^ylz. mushroom j UAtl < 2 jl <r (j£, SjLalill 

^jLlLIj .(L^j Lr 2h SibjLjJI ^JLuiil ^ djLiijJ.1 ^Lij! 2Ji>ij (jf ^x^ljJI 

2_cLli^3j ^J-^ (j^-* J J 4joj^UI CjLlujj^JIj ■"«! Lijalj-iaJI 4_l3j ip^tilL^ pi 
gLcl i n"i i nVlj p * La 1 1 2JL_tiA (jl , ' t-ila-4j^ I JJt> 3-^ i * la . ifiLLa j 3. jj ■ 0 J ^ 
4-jjtU S^jtL^I ^Cu\ (jjj (5jJ^- Mi .it.-rjtl (jjs ^5-Ltl I juk ^yfl S-jLiil 2_aLa 
4 ntU^/l 2_j^2jj 3''-^' Jd^ 1 -*^ 3->^ ij' J^' • <J-"I-^I jlj*! a ut\ CjjLjI ^^Jt I jl 
(jl ^jJt 4_j_2_i_2_r»J I 4 l*C 1S1XI Citiii^I Cj^lXJ (jVI pJLaliJI (jja IjLs. oJiij Jli 
<Qj_a£j p I * La \\ ^oj i n -*o Jjj 1 n (^ji (J^jLLi CjLjl£La^/l pi JL^-"i 1 ul jr-'" 
.(^yX^m (^,3 1j-JJ^ CJJLs- La^ (jjLljJI (_)itC Jjj 1 11 f_y£ V 
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V j_aL3 ."iljjty.tl aJJt £_a ^ i"i n"i 1 (_;^o- Li— >l CjI jLc J-J-«-i _3j_j l_Lj I Lo! 

-a 1 a laj ^_aj_j_ll ^ * la j_a S^g^M 4_t-£5^L>. OuL^ JUiI . 4_l3 (__pLaj 

(^jjJJ £_a jl UaVI SjCiLa ^^ji^. L_*_*3 3— > duL^ . Ij i tt~> C-u£ jJLa (^liljLc 

JjLlj jL£ Ji_j ■ 4-jj j 1 ->«j^M CjMjLkJI 3 ' ' '".'J • L&o^e-iJ 

ji_ajJLtlj j^_uLti!l S jLi 3jLc ^LoLc j-Ci}^ (Jj^ ''jr!-'— ' 2 i^i^L>. 

• j^ uuil jjJLJI Jlj J_c JL>.t L#_s £^tj 1 11 1 pj L— 1 tAUtJaJI j_o 4_t-£sL>. jl^aJLi 

^ j j d 1 -^j j^ *C **< mi jliLJJ jj>. 1 0 i»j ^Ijj^ K 1 1 jjLL^s (jl i £j miVj 
^Ij-o <Lji j-A jJ! (j-a j-^s- jl— uj'iM (j— Ss>$ : jl_ »uVI Lg-ilc 
c^*Iulj 1 JljjJ! jLuiJI (j^s Chateau latourjjjVjjLJu (j^LiJ! 4j!j_Jl 

1937 4_.lj.ii J _ _? 

. L^-o^_>J 1 jl^ij L&j I" 9 p3 3j-u^ CjLjI 3 T p* 
jj L— p_.| psychomimetic 2 j ■ ■■ alll ^pslj-a^l j_lsI__ jj j— ^ 
(^j— £^j— uj jt £>i— >Jtl lLL— jj JJ^" * ^ j-w 1 nil (J^L>. 4jj_j_t-£aJ! 

antri-^l__VI .-.I \l .'^ «j tranquilizers _sl_jLgJ.I w & j .ill —Jl i>j_.j ^ L— i 
SJjlj_a ^ Sjjj ouJLs-l hallucinogenic 4— .jlgtl j jSI a— j .depressants 

jj 1 1 . ^. ^ j . Vi -» * 1 I £ji_>J,I jl_x— I <_Jj jl (J-l3 j_j w 1 mill I <_tla.il 

jl_JI jU _sjl*_,I jjjl2j (^,1— jl«jju cjIj-jojGJ! ajjb (Jilo jl . i_ iL— uJL 
IjJl_ (jL—oj^l SLo. jijj UL>.j . Lw)«i i>i<i i_iIj_ijji1II oj^J jSLIj 

^ ^ ' ^ jlLjla (Jj lie a 4jI (Jl j 1 nil I JLA j-)jCL) jl «U ^jIj «L>.IjJI 

4jLo~ Cjjl Jijl I n K U j_u jl Jijj CjLiLt__uVI i_Uj jlj i4jLjL7__uI jjs Jj JLkJI 
SjjIj-jJI jLi i_U!i 1 jljajlslj jj^-i Li^£..Jj) LaLs-jj ljL^>-lj IjLl_«j 4_laojJI 
jjjJajjGj p^JliLotj *l JlJo^I j\^.^LoIlj ^ j-i jtl j»o jjijaj jjjjl jj_tl j ^^Li_JI 

V L^j! j a* il Lajlj S-ilaJ ■ jLCaVl j (jilll j c-jI l_jlU 31 jl—uil ^jls (^ic 

jlj^l (__* i3jjJL>. <— tLjlj ta -'-iVI ojuk i.'i 1 inlj (ja^jLo. 4ijjJa jjs j glaj 
j_C Ji_j 1 Lj Jj_3 4_j_aj_iJI 3Llj>JI j_o Uj-^>- '-" ' ua JlS^ i4jjJl>JI 5j I L_5eJJ 
_3jjijJI jj* j-Lluul j^s 4 j 1 'r-i Ull 4Lii_!l 'j^»M (^ CjJLs. mJ jJI (j_jjjJI ^JL2jJI 
Jl_c ^jl j_JJI ju>.i ^_5_Usj_o (_j-Lc. jLuij^l 1 'I x jl^j . L^>.^Lc.j I (jjlr 
Lysergic dJ_^jLui!l -1^ 1 " i LS— ui a ujjjcj j'C . ,n . n'tj^ jl—u lJ £ ^*_>J.I 
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LUI 

Sjjjillj gj-illj (jljjijtJ^ 3 j jo. jJI ,j_o SJjLLalLa (j-o L*alaj>. reflexes 

(Jl a LaVI w I c 5j-m-S llj 2_jj_i^a_L«JI Cjlj_&LLa_tlj i_jaj_>JI ^1 ja^j O-gli tl 

jjlxju^! tiJjjj jlsj .(jjj>.V! j^_j_<iJI j^uu*.j ^^jJI (jj^Jlj <Lxj^>J!j 

^jLs. J taJj 2_aLc <LaxaJ L^jSLIj iCjLiL>-" i iiVI tljJiLaXa V SjjLc 4li>J 

JljjuVI (jja (jL^uVI j-j^La^. SJjUj^ill jj-u 3j_a (Jj^J . 4j.ij.iiJI , ,, 

j_i3L2jlI! ^J^*.' (jj . L&u£ \) Laj mil I jj' 1 * j j*C n" 1 1 ^<u n it (jx. 

1 o l*C j j al ^ a tl ^j^o 5 tj ■ ^ 1 1 ^j^j^l d c I * ' aa * J ' ajj i_£aujj 4-;P* jJ 3tHJL>^tJ-^ 
^jfi 1 11 a ■ La 1 iul ( _ ;r 3-4jJL^Jk! j-i^LitJI C^-ljl JL3J . LgJ -1 CJ L^oj^jjJ I 1 ^-O' 

-4ILJI L$J ^jj-I V *L2jiJ! (j- 0 »l jf I (j^^l^il (jjjLlI! (j-a <j-Lj^U.I J-*^ d)^ 

(j-o Lg-al JLa-" 1 11I 3*Luul j-j-»J jIjJJ tfJUk JlLa (_ ;r LaL*jj q\ (jLajVI Laj 1 "I I ilj 
Cj Li^j-SLtX 1 t4£jl t nj (^X.Lalo.VI cL*_Uaj i n a ^ ' (J-H 

1 - < I ^ " ,", * ^| 1 ..I ^ » . 1 1 ^-jllal jj . Jl <tn 11VI S*LjiI : ola jl2J 
^ j 1 -» j (j! ' LaAJij .4jjLijSLII t_ij^»JI 4j-I i nl Lysergic dLL>-jiLiiII ^j'- »a> 
(_3^_*_oj .* ij-_>JI w 1 c «LIL>. J^SLa-i V OA-i^t-) g La *Vlj ^ys>\^LOji^\ jj-a jJjlJI 

Jla jjl .t_Jj^>JI (jJI <lla j»>LcJI (jJI JjjjI jJlJlII Jjl=o ^pJI-SjjL^II j-i^l 7l*\\ 
SJL>JI fj i"i ^e-j (jLuujVI (j^Jj .sLuLuojI t_!j_r»JI <_3aaj/ 4itL_uVI iJJLA 

t j^_Ltia_fl_i ^ * ■ tl J_»Jj .So^JI i>J-A ^^^llLal JulC ^jjj < aaj * 1 1 ^jJ 4_iiL»J1 
t_!j^>. ^jjs Sjlj LtaJI JLjJLJu Lijij^Lus jl 14-j-lLjJI cLajJiill 4jj jdl Jjl-Lill jjJLl^. 
^jL^ ^ a I * tl ^JulLJI ^jt ijr ll eLaJija j j Mil La_ilj 4 Lilj ^JlJI Ci i n . 4_o*aJa_u 

■ Jl m"ii 11 VI 3«L-uV sLUaj^. Ljjlj 
'I 1 ajjal 4j^L«JI i_ul ^>JI (^1 J-^J-^ i Ljj^ CjLu^olII iiJ>jj ilj 

^jIjjj (ju>.^llill (j-a jJlSj (^13 (ju>.^jjil <Qjill Ljj_uSLJI ^1 .t_j£jSLII I JJt 
t_!jLij V I JUtj i3_jj_i!l jLjSLa ^1 Jlaj ( _ ;r IjLaj ^-Laj CP 1 11 a^ 
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cLicLLLaJI 1 liL 1 a aJ I (jlc 4jI ji. (jVI j«JIjlI! jjjiJljj/ Jo»IL*jj •f*^^' *^ dSLlI 
^1 ££-^> Ijo* Sj^SLII (j_o (jK 1 nil j-Llj a^^u LjJjj (j! (jLvuj^M g-jiaJ ' "JJ 

0 JUt A I lX^T " ( ill J_jLLl • L^-lJ-C I."i«IUI (_^ill CjliLl^>.^l OJJ <_ iiii'V 

Jjl 3jJ)l_j C^jj-jlSLII 3j_jJLaJ! 4_ijJLl! C^jK jl . 4jj2i]l o^*^ 

) IgJIj S_ojJLll LijijjIj Ltilj'n ill 1965 j»Lc j^i-l (^-3 alll i_al uu^l 

1— al uuSl j<u \-*& ■ L^j_Zuj sLLfljjjai 4jjjJj>J!j 4-JI a igill ISLjj-oIj (_y^-^LM^ 

^jls Sj_iili!l 5jjjJ! Ou1£j .(_£jj>.i (jlsLLa ( _ ;r 3 jjji La-Jlj dJLijSLII ^jjs (j^aJLllI 
dcjoj 4— i uVI Jj-Lal—LU 4_ijJtJ1 (jl . CjI^ i i n J_Lo 4^j^j-*_o A . ,.jAt1 
4jjjL«Ji.! jj^sLulII 3j_lS^ laterites Cjjjj^UI Sjjj j«u-uLi 43jjj>J.!j <Lul j" . ..VI 
(_Jjj>.i (_)*ajlJij (jl a I Laj 'I J I j I . 4-uljILuuVI jLLaji^/l (j^/ (_putJLa Jls. ^1 
S-SLual (_gj ui ill (j 11 i ->JI jsuLjLLj (jM^s- 1 a_uiSLl3 4_i_L>J,l 4jj2i]l t_4j£jj ( _ ;r 3 

.SjjjJI ^1 (jlp. j(_p_Lt I 
( _ ;r i Cj L-j a Lo-lSLI Lj q-£^>\ fl-DI oJ_& ^^>Lc (jlSLol (j-a ^ijJLij 

w I c dJJ j) jl_>>jl 4_j_o_l^ i_3jj>_i (jl j j 1 njtl (j-a (j uqla 5jsJi2Hil CjLjlaj->J,I 
d 5 La * rt JvtiLo 4_u1^**( t u VI dtJ>o (^LsLlLI (^j^ LjLoj-oJI (jl .^_*3J>.I ^JLjlII (_g^"l 1 11 a 

.SjJLLl cl^tULa (j^J ^1 1,^1 mi^j 
Ij_j_l^ w aJjj ^-iLsj 4a£lj) Oul^ (jlj ij^LjuVI j> I « La 1 1 'Lp-Li (j-o Ljjj_2j 
^jJaLUI i>J_A (JlLa (Jjt_>J cLtia-^JLI 4_jJ^1 (JjL_u^JI (ji Li^ .jno i"iT1 d * Mil (j_a 
j j La-j (ji Ij_j_l^ j^>.j^/Ij (Jjl A" tl ^^.jG V SjjLijSJI (jjj-LaJLi sLalila 

jj ^ , ,. Atlj ojj-jSLIIj (j^>.^jjllll cjIjjj (j^, ~Alrj\ i n tl cjLj)j£LlLI ^-4^ (j-« (J->»JI 

L^^^jjjj^LjII ( _ ;T l£. ^^-i-J-ij (_£ jJI j-usl^JI ^L^jj/^/I (jl ^ • 5-J><JI fjS 

(j^alielJI (^ J 1 ,j£. Iflflljtir" 1 nl ^1 S^LUsVLl I gale 5j LaJ 1 iJIj 3x.ljjJI (^ 

. LtjjjjG Sj)Lclj 3 LaaJLl CjL*2LUI (j^s 

jJl^l (jj-^>. (jjiLIj- l_4-lj-(J_4-4j » )ljL>. J-±£- Ai ) Sill (jl JLu3 I JLA '.(J^Jij Jj3 

i(J^ . «LLa^jJI 42ujl3|j (^ ^L«j5j ujIlAjj- j-^c ^ j 1 taj d j 1 n iLajlj CjLa-iVI 
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» I Lta-aJ I ^1 (jLvu.iV! i_utjLj (jLa .jjjLJ! (ji^. j J taj Ciljl j"ir VI jLs-l (j! 

. cjLi^SLii! (jjs (jLvu-iV! (jl , ,.~ V o-iLs . cjL>jij£LlU j£ jG 

.pi <■ a i »\ aj i » (jl i ujVI I J & (j! (j laJI i— tlg.ta ,i <U"\ .-,.U" , „l Ijlj^ls-j 

. CjLjj|j_£_j_tLl Cjj_La mJ_ojj>J! i_S^L*J! (j-a ^J^eJ «(jj-<-'' O^-"- 1 ^' 

(jjj_aVI (^LtJ Lgl£ 4jSLjj_aVlj 4_uj/JjJI ?l i a all CjVI£j cALa <■ i j i nil I J-#Jj 

(jl^ (J-A» '.^jl i n"it1 ^j-La jj i4jjL>. 4jr b 3j-AjJ1 c_*£^o£ ' " ' 0 1 tl) (3- 1 ' " 
j o all (jl ^oJ 3Lj_uLL L$jI . (^\_o*^^_uj)j£LuilJ ^LcLiu ^ * mi S ^LaL^ I j o ^ «J 
(ji (J^3 4_j_uajV1 Cj Ljjjj^LiX L) 4jo1a CjjLt-a l_La <LujJlJ1 t ^1 ^aSLllj 

3 j '^jVl oLsj-SLlU (jL. dilj .tiJLLa SOjLSLJI 4-^_aJaaJI JI^>U 

<J1j Lj j^»£Lj_U £j\ j^jJJ ljUl ^Li-uJ^l (2>xq laj JjJ_t£:j . l_Li£j^ ^J^" ^^tH*^' 

LuL dilj ! jjji! 

j<s_lj!j-><J! (j-S^-Ij 'lSj 1 - 1 -^ * (j^* - ^ 3 '^-jLs «l_Ua_aJI i c lJJ £ ^\ * i"iV1 (jjSLj 

.j^paj^l ^j>* t_3jJ_iX1 Lojut^, J1)Jlj>o 

4 j i^ijVI 4_u jL>JI JLajs (jl . Ljj_uSLJI («^>- (Jj-o ( _ ;r 3 CjLo^ r I . >■ Att j-ul 
4Jb^ (jjs CjI g j i ii-v (jSL«jj (jl ( _ ;r 3 3J I i ea II Li (Jjt^cJ (_jJI L^i^ 

cj!j_ljLj (^jILs-j .4j_i!jL>J! (JLa^s (j^ cj^iaV! icj_<j/ jj^-- i (j^s Ljj_uSLJI 

(j^a Ij—ii^ (j 1 n->ij V 4_ul^j-J! CjljLjtAjVlj 4^,j_<jJ! SjLjJLJu 3j^>JI ^LjjJ! 
-(j^Jj_a 3j_a Lvya- LjjjSLjJ! {_ya J^I (^^j-Cj Li-uJjulaI I Lai .(JLalo-V! ! JJt 
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1 Ljj_l1SLjJ! (j-o Lc j 1 .1 j I 5j j 1 a j cj^Ls^I ^-cj-uj j-Lij (jl ^j^" 1 ""' 

JU <i i 11") (__ t jJI «l 1 II 4jj_uSLlI! CjLJLLfliaJ! (jl lill j£ 

2 2_o. SjLo j] ^j>.jJ,I (jjs (j-oji^ lLL! j £-aj . LUaji Sj-sLjs Bdellovibrio 
Ul 2UMI cil jiuitl ^ s LUiAJ! ^L^j-a <_y3 VI (jlojVl 

3j£La L^gjl jj>-jVIj . 4-lUsjVI 3Ll>JI dlaxmx CjLjiuj 1 a— I . a all 1— a I iou£l 

u \L_u n \ j ( nLi ^_u1j^c-i (__>ii jjioj-a j »all ^_La_*_o jLi «djLajl llUj «GlaL>. 

.jjus-jUl sLiLti! 4jI jJjj 3j£Li!l ojl^ jlj Bacillus subtilis 

(j-UjJ-jua (j^_*itj ji LLuiitJ J^jj (jl jL^ijVI 2 c I Laj 1 ul (_y9 S (_pajVI £jl^- 

2Ja}L«JI ^ • 1 L^jJ (_P=jVl £jL>- SLlj>JI jl_i Lulu lil idili 2^jjla ^^ic 
^ q (j S L^jlj Q5-ij^-!l cjLl_jj>. (__ T i^. *L»uLj3 L^jl dU jj (_yi£.Ij icLlUsj^/I SLpJLi 

4 (j j 1 ui SjLa J^Li. (j-o Ltjlj n~ < ul j n i W> L^jjlj iflil lJ £ L^pLo- oLlUjlj 
(j .1 1 i"i II (j-C 0 J j » j II Cj LjSLjjSLI I j t_£ljSLJI (jl <j-Uii=3 Jjlj - j J £ 3jL«j 

(Jj~*-**< i u i pj (j-*J * I (JjL_oJ1 ^Lll (Jj"r"i i u \ cit-t^tj i3^jj-JI SjujlJo 

(j I c 3jlj_>JI Jajuiu 'j I ta c i_j£j^ (jl (^lill (jl^iitlllj . LuLo~ ■ La t I JJ^** 
CjLjLiaJI i. 1 1 ii-v lil! j£ • J-**^l l_ijL»JI (_yl^- 3^_J>^' JJJujiJ sLujUj. JL>. I 

CjLo^Lla (jj-AJ i3jlj->JI J_l jufo 3j-AjJI c_t^y£ (ji 4_ul_tiiA]l CjLj^j-LI jj>. I (j-a 

inll (j_« ££l_La_cj i j^_ij-SLII j_u_u^l (_yjliu (_ylc j^ (JLx^l-I ^rj^-* 

Cjj^Laj (jj^J (jl (j^Lxj (jr^l J-*^-JI CjLi^'C j a It 4jjj/l_La d'jjjt (_y>. 
-4_LitljJI l_Ljl_aj I » <l l-LijjJ (JjijJj . LuLaLjILtl j-_uj (_yl^5 CjLol^ (_y!l jVI 
.Cjl_(jl£[JJ jC i u a Ja^3 ^tjjJLlj j -1 all t^^J-u 

(JLjIo^VI (jl li! (j^*C 1 11 a c_^yC (___;l 3^ t — ■ j Lj^sj^SLjJL 1 Jl^- i i n Lul (J_*iIL>JLI (j-«j 

lil! -^tH^ 1 (Jl V I (jl i4_uj|^£LLa 4l>.j_a jjJ «Lo-VI 3L<iu (_y3 ^tH 1 ^ 

j__jy>. i_a^Lc j-jij i_aL>. p 1 ii-v j a-SJIj . L^jjLjiu jiju cjl_ijij£L_il (Jl < 1 (_y3 

<L>.j (jA_i j j jC (__c;jlj_>JI <_a^l_ii.Vlj .ijJjLiiJI a I J La 1 dsela-u; (_pajj>jj 
I jlj . p I b> 1 1 ^ A I ^-tl cL^jkjj "'j— 1 lS^'j (j " 1 '"'II 4j>ji^ (_pajjiil j 1 all 
4ojjt (__,lr ^e-La 1 "tl O-so 2jljLS L^jjl Jji1>J,I (j-«i tllLut 2ijl i ntl tfLjll CjJL>.j 
-Sl_j_r»JI J-qJl<3j 2 <3j Lali 1 1 3jlj^>JI CjL>-jJ (_yaLajj jHI (j-o j^J-° Jfjl— * 
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lj^>.jj^ui\£ i4-i».jJj-uJI j-i^jLlkU i_£jJ-5 J[j- :> <- 1 (jr^'lJjVI (Jj^a-ill ( _ ;r 3 Lyij Lili 
SJjUjc-a Uj j" 1 *^; JJ ' -*■" ' (jl J-jJajj^u L£ Ijlj . L^jIjjJ jj a mallj (jjjjSLJIj 
( j_a i"ia (Jj_L^_« j-a_Sj| ^Ja_t_u C^r»o ^SuJJj ^J-tl (J-qj^ T lj CjLjjj-jSHI 
(jjjj£LLJ j Jj^o ^\ ^tb>o Ljj|-3 Magnesium chloride ^ila ajjuiiitl JjjjK 
Cj Lj_L<j_jlJ 1 (^j-A La !il t(jj_)j S[ 1 1 SjjJ jj ■ gall ) (jl j j until (j^-J * d 1 i uJ 

(jj_IJ^LJI I il^l (j-iL JlJJIJ (jLvujVI I *jj i ajj (jl (JJ-^' ^^HiL^i^ 

( _ ;r s LLjl-j\jL>- S jljjl»U sLuljjt V 5 j i .1^1 <ul 1** oj^' ^ 2jj , Jjjj^j j^JJ 

(j£L!j ij^Lj ^I'li'i ill ^1 Jjj^jjU j -i all sLuij^ (jx. Jjj-U 3ij-«-a ^1 sL>-L>. 

j-fl-3e-j (ji I i j I < a j -i 2 II (Jj- 3 Slj-^ll <j£. Lcibcj I jl :^ i<ilj ^jVI i-SJl^JI 

S_jjJLlII 4-uli 4^-j I a 1 1 4-LX.a (jj£j Cr*^' «Luljjt^L!l CjLjjj£LlLI (j^. j )j 

.halophilic chemotrophic SjjLajSLII 

4jI I ^5-C.JJ . LuLiie^ d jlr SLo- -i^J-J (jr 3 J- 0 ^' ijr^^ i- jjj-Uj 
Lujja MjL" J-^sj 4l«Jj *Lo (jl JJ-u J-iia jJL JLs. ^1 J^><-!l <3r!^J AjW 
2 4jl_ijij_SL<_a (j>S>-J f^j-'iS • ^ ^P E i>^' «LLuJI <_ i lr I (^ £tJj-U ■ taqae " (jji 

<t_j_>J,l cjLijj-SLJiLa .udLufc tj"n«" jJs Sjujlc sLlU^jI LcIjjI (j^-Jj 4_uljjt 
La_La (jj^Lj jJa dLU (ji L«£ Sjjj-JI Jji^tU jjji^. psychrophiles Sjjj-AJ 

CjLijj£LlU -ij^>-J Lfj^*"' (jLuuVI J-^JJJ lLL! j id -^ ja ' ^11 ''2 C[ ' J-i 

t(j n (j ilill d ♦ ljI L^l^a!la ^e-Ia-mll ^_^JLc ^Iujlj ^jt (j^L^-i L^-iSLIj <L>.jJlLI 4_t_>JLI 

l_4-J jj 2 tj ^ « ^1j tiall ^J-jiuiUJI 4_<ijL2JI (jjjj^LII 3jjJ tl)3^ till-i (^yl^j 

O-jj j< U SJjjjJ.1 Ljj_uSLjJI J-^jj-i i4_uljjt^UI JLjJL>JI Ljj_uSLi CjLJoJ 

Ij-A I C *^j S « a VLa_a i-i!l_Ljt (jl jJljjj 4 JLujj-aSLil Sjio^iSjll ljj_uSLJIj 

4jjL»lJlj ichemotrophy <LjjL<ijSL!I S-ul jdl ijjJuJI ,j-a Sjjjlc Jo^li-^ i_^jSLII 
. phototrophy ^Ji^ual\ J-lLjIII (jy^ls (j^. 

L<tli- j-jjj. I w I C A J I £ Lj-ljJ Cjlj_L«3 (ji^- olj (JjJ-i VI '-ill-i-'k (j-u-Jj 

jjj . 4_j_u3jVI 4_ul_i_Lll 3l_j_>JLi ^ g-ij 3l_o* (j^, ^ j m-»1jJL11 (j_a t — ^J^*- 1 
. LaLx-i 3_U2_*_o 4_uj)j£LLa 4jt_uu Cjl_ijL£LII aJJt > la -"j**' i - a 4jjJa_J1 ^J-£& <ri"^ 
(j-lSLm-ll (j_a 3j_o-VI (J^ljJ.1 (^ e-ilijli jjjj.1 (jl j^flljJI (^ LcSLx-a 3^~H3 

^ uij j-><JI 3-^j cjjl^jl LIj n-dLufc 3j_o cjj_ajjl SLu>JI (jl (_gl ihabitation 

LcJjG (j! LiJ_Lc 3_lUsjV| 1-La.jJjjjll q\£ I jlj .oLcji^JI (Jj^I i."m?; tfLdl 
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,-,! Li* jJLljj . <QjIj_i ^ Lt£ jaJ^ltl <j-a 3j_o.^/l (Ja.ljJ.1 ^ oLi^SLujil 

. 3_±c.j_J| Juii] 43jLjj ^3"^' (^ya^lj ntl (_gj-!l t_*£j£L!l jj* 

dJLLj <JiLa ^ ■ a * «Gl_ij)j^Lj_a £_a Ci^l'C ui a iJ? j>.^J^_L ; J1 j^jJ (j^-i l_3^j_uj 
jijj 4l>.j (jj *" 1 "*J >LiaAi! -iljlj d « 1 eaJ I jja 4-jSI ''-- a 4j^j_a (j| Li£ . SjLjjJI 
eJJb JiLa (jr^J * JaJI 4_o*l_Ltl jj-a ^Jlj-*- 0 L*-aIL?e_a (JJ^5 ' " £^i>^l ijr^i L^Lc 
.(jjjLJI J_t£. 4lal£iiU CjLijij'C j n It ' . i-i^c « ( _ ;r <I/ CjJLkj Cj Lk-«j->J. I 

' fl-ilLaJl £j1j_a-i A". ^ VI ^Jj ^1 L^a-dJI -iljj j La-L^aj ^jl j^j?ejj .<J1 ^>.^1 
L#j pfi t .11V1I «.!jLci ^1 Q^j-Lbej . Lgj ja^lLs-j lj«J-i (jjJ! CjLjjj£L<AI 

Ci^l'C "id _}1j)jJI ^Lal ^j^SLu-u ^jj>. t 4_o*Li <j-aj • (l)"^ 3 * (jr^ U*-^~ (j-* 1 jj-^" 
3-tljlj JajlJLtlj J^jJI <j-a (j r-il-V'l l :CjLjLiiII <j-a (j r-il-T-'I Li ( _ ;r iji=j 

Cj L_iJL«a_«J I a'jJt (jlr 1 iU ^LujVI 4jLc. ^1 Jb Lujj£Lla I a Uaj 

» \ ij j S[ II jJ^Jj »i LgaAJI fiLi^j-a (jr^" ^ J ' " Q i ^-^ > * L)! * LjsL*-1 3 * a jJLuj 
(jj^Llj dJJ j ^j-Lcj • al 1 It (j-ij ^'C tl J j I -r" tl l^al jitl<j/l (jSLaj ^^Jl 
j J j it Ljj— 1 lTlSLi CjI j i" 1 ui (jLaJUajjjij q\ jlll jj^J-jlJ JJ^Ij (j^? - 1 "^^1 
chemotrophs S^uLl^jSJI 4jjJilII 4jjI i (^-Aj iHydrogenomonas ,jj<Ljj^lij>.j 
dltjjj (ju>.j|j JjVIj 1 "^Vl (j-a «m jJjj LLu iQ^jj£LII JLu^l (^Ij (Jlt-uJ 

(j£Lt . 4jL^JJI >Lii! jl JUtl (jjj J-?*-'' (j- 3 Uii>^-" Jji.iiM (^^J ^-"jl U^^i 
tfJLA (J^-xJI 4 _ r 5 l_LjJ^_JI ^1 mm i uj (j^j>.^j-IIlit I j 1 ' aa rt 1 . 1 1^"." LjjjIiSLlII ^JLA 

cjLi^^SLjJil (jLjuVI o^*- 1 ^-Lt- 3 • ^ jj^ 1 "*.* £ ^L>JI 

Oj-SLflJ I i_jjj_ll si Lta-flJI JjIj i— aJl-J ilj .Q^jj^LII JLi i iQl (_yJ^J ij, 4 ^' 
^ JLj- " i n") I <V.ji jjlSLaVI • LtiLj LlJLu^j tl jx. *Lui/^/l OJLA ^ j i eaj 

al » ta 'I ^Ljjjj t>^>- i .i^Vl J^JjJ w ' a -' -JlaeJaJI ,j-a ^^j-chlorll >Ujj^KJI 
( j-a ^_^gaiieaJI ijr tl t^-ij-i J^ajLiJI ^ji \-jcS .4*.LLa n o i"it! d ♦ ljI ^jl 

OJUt (jr^J • (jl"n alt 5 J i n^j-ll Ljj-uS_JI Sjjjlaj a LitLaJ I J-J-yj ,.~i\l ,'^iAll 
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I "j i r- J itI i ,ij (ji iiLi/jjj . ^(l? 5_jT 18 ^La- ioVI (^lil! <_d^U! j ri . 

» I Lta-fl-1 1 Cj^>L>.j ( _ ;r ^ J)lj|j_JI £_a a I x " 1 1 CjL>-Li>.!j «LUj a, LtLaJ I j_Lvs- 

CjLjj£_<1I £Ll>-^Jj£jI (jj^J L-&J • *LUaiJ! Jiljj L}^ <_> ; y J y 

. 3JLJL 2_j_a-,fc| lj) 3ji^jVl 

j i mi ."ill 2 <. j t\ ; 1 1 ^jL>- SLpJI Lijji/ j^ju (jl (jLjuVI ^ilaj ' J-* 

i_^!j^LI! (j-a SjUJLC -i^a^J-J (j-a J-J V 'LI ' Sj «J (jjSLII si nlr (_>^ulj (j! 

3l_j_>J! SLjfuJ jjL>J1 jj-aj i (j J?e - 1 ^J-*- 0 (jt^ Or*-** '^J^ SLiJ&i! 4_u_uI_lU 
La (j-i^- SLpJ! Jj-al (2>C- LjLj-taj i." < x i £3 (jj Ljolc 

jSLII <j_a 4j|_a H.Shapley (^Liu jjj£jJ! J-2j .tl 

. (Milky Way/ 6 ^ .(jrd!! jjjJo-jj^tj Luj^a ^ SJ^La (j! (jSL<u 
dil j . 3j-J-tJ jJs^aJ! jJljj ^SLII tfjuk JiLa SjLjj i_al uuSt JLaVt q\ 

t{j\ '< i nil (jj *" ' ""> LLIj i<- i-uu&a Lj^a »" . iu V cj^L>.j ^1 ^LTjci Li Lj 
JL^iV! .3_J£ ^h^J! ^L^ oj£J! 6^ LuLj^J^ e^K lj] VI ^1 

^j-a j I ^a_>JI tl)L^ ^aJ (jr^ 't^)^" 4 " 4 J"*' ^-^L?"^ iUaL-u^aJ ^jK't 1 (JiLaj 
(jJLlI j^LII (ji F.D.Drake liLjjJ . j .l^ j^I^jJI jjlIjj) . jl^-Ij 
r I i a fl 1 1 J-^ i aj 2 1 5j jLa LjLusj i u a ^1 3Lu»JI Ljolg Cjj^iaj 

-i La i "j" ^ ^ Lljj-jj 4_u^_Ua «Lu_o l_clILj-jJLu La_i£-l_t£, Jjloj « Lj * a JU» 

SjLjJLc Lj^^3 j, m (jl jL_u_iVl (jL^ '^ij 

3_aJ_SILa CjLjI^ ^_a 3jJj-UaJL tjj'Cj ( n 1 . V 1 ^jL^ 

Lcj_Uaj_a cjLLjjjSLLI 3Jj^iJ,| cjLoISLII Home sapiens J^L»JI q\ , iuVI 
i Ljj^Lus V macrobe L^j^La dil j t;r l£. t jj'Cj . 4jLa ^LiIa'^I j_uj 

,2j \l . ^."aVI L^.^Jjjjjj£LlII jjalaj (j-a J i?" i nXI 4jjI/I_l!I LljJ.L-C^Lt^ Lj^ 
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tiJjJL^oJI j tLse usJIj < t-LaJI ' aiseqJlj t^JualiJI (j_a lIILlA (JJ^j ' "J 

cjLijij£Lii! jjj ^1 (jLjij'^! j j (ji (jSLxjj <Ltl2jJI 2_a^L<_uj|j (^^La-L^-VI 

LaLLaj (_L-a- 1 11 j (jl (jLjuVI g-jla^i ' (Jj i«l J-iJI ^Liilj f.\ < i_al uiSu 1 »l 
*l j-^>J! i_Jb*iaJLi Lg-k:ljj JMi. ,j-a 2j JaUl 4_jaJi]l 2_.UA Vl 4jI j)/ Laiti 
I JUt J-La (jl j^jj (J-J-3 JLSj) (j 11 1 i"i 11 3j!j_r»J Lg-i-al LaXa I (j-a Jjj-> liJ-Ij-Jj 
(0LJ1.L1 LjjjjI <LjJa!jJI (j_a J-£& J-"^ cr'l LS-^jd ^ ^jO" 1 ^' 

J 2 sell 1 '--^ 3 «j CjJL^t_i La (J^ Jjlj-CiIjj^^j alt 4_jJLjJL>J1 4_uj_A^1 (j^-Jj 
j_j/L«J! J i^ all ^ Lufj JL3j . 2_aLi 3-2ib ojl^j! (^jd! Ij-Aj i2_3jjj,| j»JL2j 
jJLaI ' <^p*j 4 W^^-^rH JD^ri"^ ' (J~° «CljJtJ>J1 4_ujj->J! Lo^aJa-Li! ! Ol nil 1 a_p 
. jj-SLiX 1 4j1j^oJ1 «L*_o1jJ) (j_a (jjj uuUl (jj-iLJI (^y^ ' axaJ Lo^aJa-uJI (__jlij»c 

3 miU i_SjL»J.Ij . ecstacy t_iju>J! 2JLe-i «uJui ^_a-JI L^^Ia-L^I cjjL^s jl2J 
uJ 2 j 1 nitLi \$~-r 11^1 c^jIu Escherichia coli (_gVa£ I j m.jj j uijI Ljj-uSLi <j-a 
1 jLp'oILi L*jjj) cjjiI jJs L^^^u^SLJi! q \ (jruj^aJo-L±!l o^*^ *Sji3 • '^-i 3 *^' 

Jiil (^ (j^jLa_LS_II <t_i_<i/l i^gij . LlL«JI oLuLOI Lj}L>. (jic- 

(j^/ w j" 'I JLS 2 jj • 'a ' 1 1 J-££- -Llo-iSL!! ^a-tls J-a (jl I jjJi (j^ 1 -^' <Jlll 'J*,tjVI 
1— a I ui "i^l (j I 4 S j S 1 1 J . 2_3j|jjt_a (jL£ Laj^ 'J^ 3 M-aLoJI «LLa_p' 

sLlaj^ SI uu (^1 2_aLU3^L> itransuranic j»j_Ljljj_JI j-iz. 2J^x~il\ j-i^LLkJI 
2_ajLiLa ^yJl 2 jj . II j_lc. >LuijSLII j)Lcl jl^ iligand chemistray 1 La jlj *tl 

(jl ui II (jj ^ j 1 11 dJJjjiJ . CjI i j" 1 11 llj CjI i j 1 11 a -»JI ^ a U tl j»J-21iJI 
(_gVo^ . I J-;LC. (_Jjj>. I CjLijj£Lus J>a^>-J (j£ 3j£LiII Cj I Jj Ji^J . Li^. ^1 ^ujj^LJil 
V (jjj-!l *Luj^>JI Ljjj-^J^iaJ I (j-< .^..^.^-"11 (ji_ij>._aJa-LiJ I (jLtjl (^yS 
CjLij^SLlU ^ JLa-" 1 11 1 (JJaxm Lul Ji^Jll (j-aj • d ^lal 1 uqJI jlSLa^/l p g-iln (jjj" 1 n~ 
L^.LUai.1 (jSLaj «L>.Lla Jjl Cjl_ijj£Liil aJJt (jV i; Lo~^/Lj Li£jL«-a SjLjj 
I 1 gaj I L^jJ^u^S-Jil ( _ ;r 3 4juliil (3j-LaJI ^ Jii>-" 1 iuj .Cjlj-ujJ,l ( _ ;r 3 t_ijLa_iiJ 
j)l 1 I j Ljj >■ i J CjLlJijjSLjJkl (jua^j (jl£La^/l (_ J -3j ■ 4ja- uu VI 2_c|jj JLa^j ^2: 
t \(j(j< i"i"i V (_£jj>.i 4_lL>. (^yJI (jU(-a ^jj (j_a 4_lL>. (j^ (j J) ^ Sj)La j_Laj ^jU" 1 n I 
j miLaJI J ' aa d !l (^j_3 jL^t_ll_] LiltJtJ . Lal_a_l lj_lJL>. Lc^oj JJLu La ^_i_uj 

Jla subcellular 2_j_L>JI (jjj> L^a 2_Lij_U t_^p'lj_lJI ^^»; (jL JjLoJI ^gljJI 
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symbiotic / 7 \d3l£iolioLijjV j 1 " 1 '' w & LxjI Lji«J! cIjLljKJI ^ Ujjj 

L^ULLSj ^j^"->_' g- ' a J^j*- 0 L&l ^WjJ^r!-^' o' J^-^iJ - (associations 

Ljj-ljSLJ! jLc£. commensalism (jijLiLLlL^ i^jj^s-l CjI_oL£ £-a JoLlJj^LI 
,jja j-jiil? 4jj-iiL! ^jV 4ji VI casual LlUsjX. (jj^j j! i 'I uijJ *L*-aVI 

(."i <~n (jl 0JL>.J (j-\£Ljj_JaJ I JL>.| g-jXali i (_£j_^>- JoLjjjI 4-iiagJI 

symbiotic crithidia SJLaLSLlil LjjluIj^JJ 3JLjjjJI 4S}L*JI iiDj£j i(jrtj>-_jjiill 
J_Lc j»LLll J a La " 1 1 i_dJ i I j « a jjl£juj 4_lL>JI 3i-L>- (_Li-l J qSujj (jH-II 
C.ti^ (jl-jajjj (^jJI ^Ll!l 3j.5j_aJI (jljLa^ iSJjGjII Ljj_uSLJI oLaSV 

JiLa organelle !j_l«j^> Lulag JaLCiU jl w L AUtl ■» . . j ^ ^ 'tl a jjt 
(jl ^LaTbca jj-jjj .cLlISJLj IS ii ali a- 1 u j j I -i^-jjt^->"tl (jjijJj . cjLlaj/^LijijjJSLII 

(jJI CjjIj n_gjjJajJI (j_ajJI J^Li- CjLjSu JiS SjjIjUil 4JLujJI CjUoLlJjVI 

(jj S> J jJsj . ^ a -w^L-j 4_jLj i a ' * (jl (jSLa-i * *J ' ' ' 3juJl>. CjLIjL^ jj gLa 

oj_4> cJiJL^. lilj .3 LSI » II Sj^a- uu LgJLa 2 *C j ,~„ ILj A i jjU'.ll JLLajLi. 
(jl >Lla Lu-ul_La (jjSLj Vt 5 Ju^aS (j£. L^jjijsij V I jLala LuLiLl oLLLjjVI 
^1 J t**< ( nl w La st **' ) dJUjLjj ^-q-flj| (J5-I! (j^>> J)j-H-lI I Ct - UJ J a51 < (J-^-i-i 

^ljuui cl,Jj s (8) a j u i i i j^uai a^ijj 3 '\ su^u^i c^i. ^u i 

LijJjJLa ( _ ;r ^ i ^tlll IjLA (j^Lc L^JjLuj (_^J-II SjLo-jJI CjLoLdLl 
.(j^e-i LujIjj ' a-t^-LtS J_ua-(_g>J (jl CjLijij^LjH 4jj/IjJ 

jjlij i_3jj_uj J . ^" . .. 1 1t 3JljJl>- 3^-31 ' a uo CjI_ijj£LlII ^<i^3 
JLjJLs. JLl) (j^Lc Lcjj JlS CjVLalo-l J-a (j mj»II p U~ t q\ LLlLcj . lLL! ji^ J-°^l 
j-ljJLJj cljLilj-LjJt 4_lSjjj i i ,i 'l^fl ^jlj-a L>L>. ,j_a jlj_3>U 

jj£, (jLxjuVI (_f jJ (j^>- CjV^LJI aSljJ J-^>-«3 lLL) j£j i ) I ^"^ (j£, I J . aSI . ^.-^ 
j»j_SLj V i_i^l ^ I 3Lj_>JI ji I i ea a 1 1 j a i oil I ''j*^" 1 "' (j^ 3 * J ' ^ a 
(jL£ IS jl-V a (jl J ■ 2j i 1 1 (j^ i i ntl <_aVT Jjlj jj ■ ^~ 1 1 (j-aj ' a-uiaJI SjLaj 
icLUajl (jj^Lc CjLjjj-j£LU VjIL»_a Lj^!i LtjL£ (JjLaj l^^j_o La_ij LjL_ujI (_La^ (j-* 
(_j_3 j-a-uiJI (j^a SJljJLc Ljj|j_S (jl i n i^M ^ ■' ->a (jl J-t-i L^jJI La-^p- 
( _ ;r 3 (jjijjjJI Lfljjjjj '"■ i j i "I JlS CjLi^£_lLI sLjj/Ij^ (jj'C" ( ii j » I ' a a 1 1 >Laj| 
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JjsLtia .(Jl <n"n nVI S^Lx^ 4_u2.j_o CjLlSjj <J1 iljj i aalll oJJt Jilt. (j^-Ij • (_gj uuJI 
.irreversible i_Q LgJUl -Sj-kj V jjfcj ijJLLJ! jl£Lj liilj q\£ Lxjjj 
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■**■! -all* ifljp 



^^^^^^^^^^ 

Antibodies: (<tcLiU jlj-o) elLuui ^\ , ny \ - I 

Enzyme: (<ujjl -2 

Ion: (jjj! -3 

Sublimation: i -4 
.(jLiji (jjj 2lj3UlI1 SJLsJ! ^Jl djl.^tl 5JUJI SjU! J^^j 

Commensalism: (jiuUj -5 

Symbiosis: (JaLCj -6 

Symbionts (j-daLCio 
Photosyntesis: Jr!- 1 -^ 
^1 Jl?-**( < nL (j^j^SLJI J j i n^t (jj-iLj L*ajJI 3_}LU J^j^j 4_j_i-aL>. 

Protoplasm: (^j^Li jjjoj) 3JL^. -8 
.3j1>JI ^ <LpJI oLjjj^J,! 

Spore: <Lojjjj>. -9 

<_sl_iL>JI_J Sjlj^eJJ 4_ajl_2-U SjLjj w I C ^J- 5 ^ uJjj'C J ill cLLaL^ Sjjj^s 

.4jj!jV 4^>>JI cM SjJiiJI Motility Kj^. -10 
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Mycelia: <L_>iai jj\ ia> Mycelium Sj^LlS *j j i --»-. - 1 I 
. Ja^_j_>J Li 4jjiot cjLjjJaAI! (j-* 3 cjLcj-aj 
Deoxyribonucleic acid D N A: dp £ ii.L^lSLu^-uj ^ , ,,^1 t_i ^^1^ - 1 2 

(^jISLI! CjLoj^j (_yJ.II 4_u!j^J! CjLar) U U A j<j il-i n I ft a SjLa 

Ribonucleic acid R N A: (j j ^) iJA-ilK-u c>^-»> - 1 3 

. I . 4_u1j^J! CjLa^WU (_j-S-u aj sej cLtAj-Ja 3_}l_a 
Antigen: Lit I J^L>- -14 
antibodies * \l . v.t I ^| , (jJ_j£j w Lc j-aao Ljj_u£jJI a 1 Jila ajLa 

. LlLlII cIjLoLSLJ! 4jr 1 n'lf jf ^ 

Autotrophs: SuailJI <Lulj -15 

Aerosol: iljj -16 

Continuous Culture: aj a" 1 a <tcjj_a - 1 7 
j-jl£ju (jy^* 3-a-Lll - la 1 ujj jl^ a" < ulj ^Ja-u ^JjLj CjLij^£LlU (j-° ^-^JJ-^ 3 

. jl« a" < ..Li cjl_ijij£Lii! 
Substrates: ^Ijlc. o i i" , „ a 18 
.jaJlLI ■ La 1 "j II (^ cjl_ijj£Liil L^a jjr" i uj 4_u!jJl!I cjLijSU! 

Toxin: . ^ a 1 -19 

.SjLc ^jj^Lus (Jj^jI (j-a ^L_u ,j^jj>J 

Photochemical: (__;jLa-i£ »j Ja -20 
. * j LgaJI 4juI)1 diii 11I __£jl_a_j£ (J^Laj 
Mutation: 3j_ila -21 

iJluL£ I jl VI SjjjjJJ CjI li ii^ill jJJtJ ^1 (.g-ljj (j J £ (_£jLa-i£ j_uu 
.mutant Ij^Ua j_l*2J! I j-a JH ^PsjjGj (_gj-J! a 1 njj . 3JfcLj3 *j alaJI 

Heterotrophs: <LjJuJ! 2 jj -22 
.^_a_LJ1 £__ilaIL*_uj ^jr*-** ' -S^a-a (^jJI ^LLr»o CjLijL^ 
Chemotherapy: (__;jLa-i£ -23 
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. CjLjjL«-iSL!I ^1 J-ir" < .ib <_p3!j_a^! ^oi^. 

Organelle: 3_lL>J! j-JL^s w iat -24 

Biosphere: i^j^p. i_s^Lc. -25 
Vitamin: (j-<-aLLi3 -26 
Aerobe: (j-jIj-A <_j^j£Lus -27 

. ^1 ^$-11 Cj^T ' ' J**' ' * (J-uj2_UJ * )J)j£Lui 

Anaerobe: ^\ jjfc V uj^SLui -28 
Barophile: ((jl/ij jLi t-i^SLus) Jaj call t_^=-a uj^SLla -29 
Halophile: ( ( _ 7 li^jJLa ujjjj^-La) Sjs^laU u» ujjj^Llo -30 

oLlU CjLi^£_La (Jj 3j J^L>J,I lJr h j_i£_pJI I jut (J-i-aj . 4jUI 4j^Ij (j£. 

.4jjjJI 

Psychrophile: ((jIj'^jij^ j < " i-Jji_>£j-a) S.ssij_A! i_^»-a uj^SLlo -3 I 

.4jj^a 20 (j-a Jjsl 3jIjl>. J_t£. £Jj_<jJI J-iLS t-JJj^Lus 

Thermophile: (^lj'^aj-u t-jj^^SLui) Sjlj^tU t_^=-a t_ijj£Lus -32 
4j_j1a 45 -40 (j-a ^Ir I SjIjjs- J-^- j-o-iJI (jlr j-sLS t-jjij^Lus 

.4jjL«J! oL^j£LjII Jlil <Ual£ (j-Aj 
Teratogenic: ui a -33 

Serum: j»jJ! J i a a -34 

Rumen: j^-><i! (jlj^-pJ! ^ ^3^^ SJutXI -35 
Psychrosphere: j^e-J! SjijLj 2 ala ' " -36 
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Thermosphere: j^e-JI ^ SjjIjjs. 2 a La ' a -37 
.colics (_p3jjiluj jlx_JI ( _ ;r 3 L>1«J' 4iLaJJi! 

Thermocline: 3 1 i^La SjjIjjs. 2 ala ' « -38 
IjrS SjijLiJ! 4-S-LaJU I j 3_jj!j_>JI 4iLa-LU (jlj J 1 a flJ cH^' 4iLilL! 

Metazoa: : ! jjLlus -39 

Permafrost: jujcIII 3_<ijb jJaLLo -40 
' *j 1 all L^>.^Jj t_)jjG V ^jjjJIj ^jJI <i i^ill <_Ja.a]| ( _ ;r 3 (jlaLLo 

Pathogenic: ^ i>ij-a -41 

.,_p3jJl.! <_ . J I Mj t_lj|_)£Lu3 

Sulfuretun: ^^jj-j^ ^Lku -42 
Medium : 1 La ■ "j -43 
Chloroplast: o-^^Lijij^K -44 

Jjiuill! 4-lUjlj ^jJLj O"^' ^L^^J 'WjO^r!-^' <_) J* lr " 1 < -r 4 r!-0"^ 

Bacteriophage: (^Lsjjj-uSLi) Ljj_uSLJ! -45 

. Ljj-uSLJI (jj^G- J a Laj * jj^jjij-t^ 
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Bibliographical Note 

The subject of microbiology is not well documented as far textbooks and elementary expositions are 
concerned. There are many books dealing with branched of the subject: bacteriology (medical and 
agricultural). Industrial microbiology, microbial genetics, microbial biochemistry are examples, but 
even in these specialized areas of the subject few books combine comprehensiveness, readability and 
comprehensibility at an elementary level. Thus the list that follows is a personal selection of books I 
happen to be aware of and that I know are available; the omission of a title familiar to the reader does 
not mean that it is unworthy. 
General microbiology 

Few authors have attempted a synoptic account of microbiology as a discipline in its own right. Two 

creditable attempts, pitched at the sixth-former's or first year undergraduate's level, are: Hawker.L. S. 

and others: An Introduction to the Biology of Micro-organisms, Edward Arnold, 1960. 

Stanier, R.Y, Duodoroff, M and Adelberg, E A.: General Microbiology, Macmillan, 1963. 

A useful primer for absolute beginners is: 

Vines, A.E. and Rees, N.: The Microbes, Pitman's, 1967. 

Economic Microbiology 

There is no comprehensive Work on economic microbiology at any level. The industrial side can be 
filled in with the aid of several standard works, notably: 
MICROBES AND MAN 

Rose, A. H.: Industrial Microbiology, Butterworth, 1961- which does not assume too much basic 
knowledge. 

Smith, G.: Introduction to Industrial Mycology, 6th Ed., Arnold, 1969. 
Medical Microbiology 

I am not aware of any popular account of this field; a medical student's crib probably contains information 

in its most concentrated form. A standard work is: 

Cruickshank, R.: Medical Microbiology, E. & S. Livingston, 1965. 

Microbial Ecology 

The author of the first good book on this subject (published in 1966) had realized by 1967 that it would 
soon need revision; nevertheless, it is a good start: 

Brock, T. D.: Principles of Microbial Ecology, Prentice-Hall, New York, 1966. 
Microbial Chemistry 

Several books exist on this subject; a brisk account for students with reference to more advanced 
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matters, is: 

Rose, A. H. Chemical Microbiology, 2nd Ed., Butterworth, 1968. 
Microbial Genetics 

A popular account of recent developments in this rapidly changing field is: 
Clowes, R.: The Structure of Life, Penguin Books, 1967. 
Origin of Life 

An accurate, entertaining and sometimes idiosyncratic account by one pf the major contributors to this 
field is: 

Bernal, J.D.: The Origin of Life, Weidenfeld & Nicolson, 1967. 

B1BL10GRAPGICAL NOTE 

Chemistry 

Amplification of the purely chemical matters that I alluded to in Chapters 1 and 6 should be found in 
any ordinary textbook of chemistry. 
A good up-to-date one is: 

Buttle, J.W., Daniels, D.J. and Beckett, P.J.: Chemistry: 
A Unified Approach, Butterworth, 1966. 
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. (ft^lll) LiLMi. jJLj*. t .j^j ^ Kjlj ■ nil SjLa Ji-Ju , <4_1>JI SjLp.^ t_JL*Is :CjLa^jLjjJI (I) 

i""^ *LLI 5 alj „ *L9j_ll cUJIj 4_ul^_p.^ 4_uLj CjLuI^ <j-a Plankton :Qj"^ '^LJI (2) 



cjl_jj_La_dJI^ Ljj i"*s 1 11^ cjL^j 5^_uiJLi ^ 5 ' a 'II cjLuISUI 4_i^.^J^_u jJ^LHj ^Jui : Ll>.^J^_u^5LJ,I ( I) 

.6<t»._pJtl) (IjjjjjijjJI) 4-JjVl Cjljlj-pJIj ijliJI SjlJ^J t_JLaI=Jlj 

,>» jjilj jjUJ lillift (2) 
-t^l^JL I) ofcUUIj (3) 

t j_c Lt^-J-*^ (Microalgae)4_lj^jLll ' ■ II ->U1I ; clc I aixJt ^tA-lmj <jl l-UJJLL j-jjl^JI (jLS (4) 
.(^vl^JLI) CjLjLlIII fiJLc. j-a-tla t j£j tSjLc i (jAll^ (Macroalgae)5^_u5j' I < ->U1I 

.f^j>-I^JLI) organotrophs 4jjJuJI ^jj :JjjlJI ^ju-uVI LjjJ^ I gale allajj (5) 
Cyanobacteria SUajjJU glj tia_jJl L^-uiSLJI I t Lj^C^JI t j-a-^ IjjJl>- i o-u^aj (6) 

^ (-fl>*j US' itiUi ^ ^Xl (jL_aj^l ^ s^K^Uii j^aVl i.tini" Ijjjjj^l (7) 

aJJb l_]Lje_u3^ . Ljj^UJ^ LuL»jUi-tlItj (*J-*J' iS a ~)~ A tiiljSj oj-^cy (j+ir^^ L^HliLa! ^j_c^ .1 Jail 

t j^_us i fl-x-LeaJ tCjJIj Lo^ t ] i T L ^ LL ^ Laj^aj-L u S^ I Cjjl^ (9) 
.(^IjJLI) .4^ <*\r„\\ Jje_c V ^a! I Jul (10) 

.(^vl^JLI) . LaUp SjiLU! ciij^Tu-uLa ojjz. juu Loai^. I jut c-u (12) 

^j>-Ij_4^ L^al jjellma 4j^IjJ! CjLjLlIJI ■ " fl >>J (JaJLi 1 U ^J - *-^ 'j-^- :>,J ^ Ct 2 ^-t-u-mj-g (13) 

. (^ojv^pj.1) -tj-U-ujIjJI (Jo5 t j_a CjLjLjJI (jric i_3 j >JijJI JLcL-uJ 4j-tLc 

oj^skIa jjlL Microenvironments 4JLi!a_i *-1jLjjj j^skZX\ ^JtJI <JiJ j L^pSLJI ^jui ( 

. (^>- 1>1 1 ) iSj-^ ' J ^ d ' ■* 4_»_uj i Jij^tLo jjSLtltj 3 j l^->i-J I I ^ ^"j " 

4_u*_ii i Ikfl] at, t scj ■ ul ^-t^^l (j^J " ^ ^ 4_peJUI JoL-u^^/l ^ halophiles 2bwjiXI 4_ue-a ( 15) 
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■ 1 nil y\ ^JLtl <LuJ^ Osmophiles ^jajjJLI ^jjjsj^I -~1I 
.(^a\jX\) cujilJI Jj t 4jjLilII 4_ulj OjjU£. (^-A^ (16) 

.(j^-l jJ.I)Ribbons i«JSLI 5-<^>->i il= >il u' StalksioJS 3-^>i li^l (17) 

jjj ijj-iill ^ UjJ lijjli 1 -11.nl Lj u< : \ \ 

.(^->~\jX\) 4jj LajJl 

*l_i_u1 4_LSLJ^ « 4_a I JLjcTu-u I ^-J'-C- jl (j-ujJuJI (j\sz-u£*$\ al J sej i i) , > a ■ L-dJJJJ ^cjJal^ (19) 

.(9 t >-ljJll).ljjt UIC ^3. 

*aJUl J ya«t$A 

l_^_La j j La jj iLl^sj! J_<i_iii-J t _ =r lll SjjJLI ^jL>- SLlj^a-a (•'j-^' guasars 4_jjj^LJI iajl til (I) 

. (^>.^J,I) .^jj*_»JI jjLLaJ j^^HJl^ f I l^jgSUIj jjjIjJI djL>-j-a CUI LeajJ 
*U,I (jrlc j a taJ 4JLl3JL]I 4_uI^_l=»JI^ 4_jjLjJI djLulSLJI JjJI £ya (jj^d planktOll (jj-IiSo^LJI (2) 

.(£_>-jJU) .4_uUI *Lp.Vl (jnjyj 
t_j_LxuJ -3jL*JI jjfl <_£j1 jjjJ ^JiijiiJI cLiua^M jIlll | ' JSLtli (jyic oLjj^SLla (3) 

. (a3.^oXI) .(^^ArJI <L*_a OJ-au JJJ^ J^Lie-o d isc i a ■ ^Jl j i uj (^^-^^ t LjjLj_Lj_u^jJI (4) 

J^jG^ -J^mi fj& L^iy JU j! I^VK.i JU£. 4jLuaJJ (— uljVl (j-a ^jL-ujVI (jj] iAlj£ fJojX\ JixJ (5) 

. (^jv^jJLI) .4j^j>JI ' " ■ I II i ea 1 , 1 ' !jj_i_u_j_a (jVI (j^tjJLl f I a 
• d < ajj ^JJj-iJI JjjJI jj-a ^-uSLlI ^ JLiLVl JU£. JLulLjf Jlsw] (6) 

Ring-a-Ring o' Roses A pocket Full of Posies Qj^llajJI JA<u) Atishoo-Atishoo We All Fall Down 

.(^^Ul) 1969 ^jVl 2..UU jj^ dili (7) 

jJ.1) .iy^L-JI l£^-y>V ^>^JI yaLUI jOc (9) 
^ ^LJI^ (jLajS/l ^ 31 I j ; - ley 47 (1978 flc) ^jJJ\ oL^j^jAII jj^l jjj (10) 

. (^>^aXI) jjiuu ^1 I j I ^* ■ ^ jjl L^L>. JjLccalJI jjl :,3jJllJI (II) 
dJLiiJ J Cj i i n 1 3 4j^j_LI I dj i i tij^ LflJ 1(12) 
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Ijii— ol^flJI 



. (j-aj Virs j RNA jji,^ Pico ;>o 5jSj^ 
1978 ^la. £y 4jU cUijVl CjLuj^uill jjj (13) 

<^_a J i^^l j^-a I j'al .^"O Enteric cytopathic human orphan tCjLJLSLI jLuali-l ^^jt Echo(14) 

(j*».>iXI) JLikVljl^ 
4JLj_o 4_JLJa_c Cj La- i ni'j i " -N 1 y£ ^ *>->^j L^-i3^ tetanus ij-uj-J I j n 1 1 ^1 j'J^JI (15) 

^ ^ ^jJI JUJI j LpiuJI ^1 iiiLi^L, d^LLUI) ^[2il\ w t~_. (16) 

*i_t-3^ '"-j -^11 (^jii ^jjlLJI^ (jA-*JI '"'^ ■ " (^^2 < tunla ^^-ft ,^_LjJ^_jj jjJ I ^_4-j-ujJI L ys\j^.'\ ( 17) 

. (^j>-jjJJ) f^JLi-u-a)^ 

[jlSLI djLdjpVl X>1^ 4j^LmSL1I di^lcLalll £jL<-uj ^^-1') lS-^jP 4-LLujjj-i 3jLa Enzyme fuJ-i^M (18) 

^ antibodies antitoxins J 4JLl2jJI «u_>-jjJI ^\ ^1^. LliJ 4_*jLi CjL^-l^TJI fljut cusxl±u=A (19) 
CjLLuL^yj jl^s : Ct J1 ^lll jjji^. Oi^j 6' cr*-^ U^^" antibiotics 

.(^.ljJLI).|jSU»j 

L^J t j-uLj! J-'iC t_£-ljj <Lus^_<i oL-u_^_l3 <_3-^ l£3^- :>,J <-^jL>-LjiJ iJ^' (jisl^sVI 0 J-^J ^c-j-i^sI (20) 

4jjL3^ ^1 t_£J>Jj_j ^^JUlU 5 ll (jJlc fa-<-u->JI cLcLUI oj-£>-\ j 

. (^j^JJ) ^^JLLj 

. (^«j>-jjJJ) - LuLLaJj_J ^JLj-t^J SjU^ij^-m (jr^ 4_Li_La (21 ) 

ljr £ 4_j_cj_j jjr&j- Lj^liSLJ I djLjJa^ ^jpA-mj^ L^-liSLJI J^U"~ mj^xall ^l^jf La (22) 

■ (t-WD 

^iLi, .^(ULlII ^ i^j-^' Jl »^m»»I (<u 1980 ^Li ^ 4J,LlII cUk I (23) 

. (^<jj>.jjJ,I) . JL>JI JUls ^ (<u-4-*J (jj-Jj) J tl (jl 

.O^UI -_jlj_jJI^ aLtlaJl J^LHj Il'jpl (jpl^. S^^Lc J-flllj ^JL«JI ^jl ^jVl < S ^>jlJL1 ^-Lual (24) 

.(^OJ^UI) .^JL«JI JJij ^ Ij^J t-jbjJI 
. (^vljJLI) I ^-Ltl-LaLt 4jlLLL<i ^ <-LjJla (25) 
nj^_aJLaJI ^-jLi^s! t j^_! d lo la* ^-^kaJJ CIjLjj LaAl I <Lu-UiJ ^jJL>- : ( _ 7 _uaLj^JI ^J-£ (26) 

j I i ' - ^U, ' (_>^J I S \Jls*. ^sJt>j^u-u JJlC jj^-Lua Lj^J I 4_j ; ! I ■ a j La I^_u5j . Cj Lv^_SjJ I | ^ -ij^ 

. (^_>.^jJU) CIjLjj LajJU 4jjJJ,I 4_aL*JI ^cjL-uJJ A^oLoJeXml 

. (^1 jJJ)South See Island ^jl^J! da^l ^ jj^- (27) 
(^>.l jJL!) .(1903) cAh? (1848) jjj ^Uj (28) 

2 U , [ I 4L>-jf_a ^ 4j CIjLLJI t> J fZjj .i^UVl SL^ajJl Jl^s ^Lil (jVl Jcv (29) 

. (fiJv^pJJ) , OjjSLJI JLa 

jM_lJI ^ ^Lk: (Jr lc ^Ijl^^I ^ ^o^i <^LJj£u^ jl^^UJ^JUa (30) 
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.(jrtjj^j ^S L iL v (jrX-f-uJ <_iL*iII (jja 4jj >>>r 

l^JUU (j! Jiaj jJai-f 4l>- j^a i^Jjj-^ jMMU (jJjVl 4JL>- ^-4 Ja-fl3 ^ (32) 

.(j^i^iO.uu; 

4_a^La_a LtLI LimSLa (j-t-uJl (j-a d j"" la-ai-ll <LajJaJl ,^^3 ^_u-uJL£L]l da L»£^a ,jjjjJLdJI jJ^Lijj (33) 

. (^jvljJll) ,_yia_aL>JI Sjujui 

- . LuLk^j ^ M ojj& till j Jlaj (<u (34) 

I ^j' 01 (J^ j_i-u_JJ^ j >_4_=-J1 dJjjJ LmJ )) (jlj-SJI c L>- La j_c_iJI JLzj La (JjL^sf (35) 

t_$J>J_i La ^_tisL>JI ^j_4_«JI j^^fl 1_Ll5j Cj_u J-3_a y I g j * a 1 ^j^a j-^l Uji" ^-uLilJ ^2l_La^ j_uS 

; J jJL liu3> ^-IJ^LJ I (J I I j^^S I j ftJj >i 1 I ! Lu-u f t j_a ciU II (J-*J^ - d UilAJj ( tJ I "*» fl tj-a j_4_>J I 

. (^>.j_lU) . «£>jju-l>- Lfl (jQajjjJI t j-a ^j-co-^ < il ,^,\ s J\n j_u±jX\j j_4_iJI Lul 1) 

J 1 .4j^_l>JI d a 1 a L^J ' " ■ I il LtaX I ^1 <- 1 t-^-^ -s^j" lt^.? Luo O-stj-t^a I 4_<u>-jlJ (36) 

(j^SLj (j! Vj-'~- ' -fj > ur^' -il J-c-f ju^aJL lilai V lJiJJJLI (jlj LLd cUj-TJI (_ 7 -*xij (37) 

.(^vljJLI) 4jlILla <jJ> Jj-5JI IJufc (j! (jrljla (_dJj £.^9 .((SpeceS 1^1 * ' 

. (^jvljJU) .(jL-oj^U LaL-u L^jiaJi_a (jlS tCjLLa aJJZ. ^^jJ' C-l.<JLi (38) 

. (fU^pJJ) aj-^aJZ. l j F £i 4j^j>JI CjljLiaJLI 4_a JL=cTmi-t I C Jjlj (39) 

Lj-TiiLJI J" flJ I j ^ ,jl O-U Jj .^_l2LL*JI tfJLA J-a SaSJ^i cLa^jJJ jjui CcJ^uaf (40) 

.(^I^JLOJ^L 

jM_JI ^ 4i=L_aj JSLi ^ 4j£_pJ1 obi JaXI L_3jf^ tjSLI^ ^u^j^Vl j>LJI ^ ojaj (41) 

4j^_l>JI CjI jLc£mJU 4-a^LLa ili L jjjiLJ. I t j_« CIjV^Ll^ jj ^Iq j Lsaj> t j_a 4_l£) La LiUj jj^^ - 

« 1 ^ j^lajt-CJ 1^ (JU.I j! JUt) ^ j^^-uajJ,! ^j-a L^-iJ) 4j>-L>JI (^^j-u-al (^jii (j^Li L^_La JLuu 

.(^^lUI) ^uL^JI LajLjT 

. 4JjGjJ,I^ 3jL>JI (^isLlJLI (jr^ 3jLc o jLjtj^ 4_uljji cjL^j^Lj-a ^ujI^^ ^1 L ^=>jX\ £>-j-t (42) 

I-A^bjlj CjLjl^j>JI Ji^Lv •J^J^~ L ^^ iS^^^S ^Lt£.Vl_j jLijV15 ^Luaf oLI^jjsJI I . uu^aj 

i iL^HJI^ JiJ-!_5 SjiLz jJL>JI i i a ■ ,_>l3^_!U_9 . ^^JjlIJ jj>Lua_a LljL«_tIu!^ 

j L^jjJ 1^ (j-dj^J I t i j i a ■ _L3j I I a ^ 1 1 J JjJ I ^£ ^Jjfi ^3 ' * ' ^"^ 4Tl-u->J I Sj»_<i_>J I <Luq-uiJ La 

, (a»^PXI) LJaj! ^ <i Js^Jl 

i » l^jU L^J ^1 jLie-J-ml ^<J_itl ,jl Jj (LJLc.) (jVl j^^JJI IjUjJ J-4-Cl.-uJ V (43) 

. (^1 jJLI) ■oj^j 

^ L^-al JL-cTu-ul ^ J_af dJLii!^ . i_i_jJ ISLlI I 5 ^ I j L^JSLl^ b^N-j-a 5j)UI £>li^ ^LCLdiVl Jlj La (44) 
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jVi 

A-tZUn-J i<LdJdie-a CjL^ |^t- Variable amounts tyuSu lJiJJJLLj jjl>-^I (jl£j-traces>» eLjjvjj (2) 

• (j-=-I (jrt^pill Jj^j (j! tr* Denitrity 3_«J£ (4) 

t£j-»JI (juy m^jVl (j^o Jj « »j ^Ua ^ 3JUJI i>ju» ^ 2U5I ^jt}UI Uj j"< ill j^Jj (5) 

diLjl_Lj _jl- ( jL tJ j_j'^l I g i3 Lc-i-c jLjI^-l^ t j_a 2Lx>. 4je-.-aj!^ L^L>. SLclj^j ^^jJ' o^-" 1 - 1 (6) 

.(j-ajjjj) j^aVl Iji-A (jfl^. ^Lc tllll* g j ' aj <jf f^J-ll tiltij! (7) 

d j >.j ,j_<i ^LlLo 3 t ' ^ ' ' " * a <L*-l^J1 Lx>- jJ^jj_j^£LjJ, I ^-I^J =L^>-^ ,j_<i ^_JaJL Ijut 3 t i (8) 

f^vljJLI) .diijjJL>JI (__3jJ^I olio (jJJ cjLcjtjTmJ.1 l> Aaj 4-<_^ u J uaj aii (9) 
(^vljJLI) ,2Uj^uJI 3JUcj j_j>Ll Oi- 1 ^Lsc-xll (jJ] 4oluaJl 3JUJI ^ SjUI j^>_a r^UuUl (10) 

(^IjJtl) .^L&J! jlj-cf ^jjL ijrA (II) 
.(^Ijil) ,>U_aUI <>* u*jU' 0* : uiAwiU' ( |2 ) 
jjfc Carbolic Cieid^ .c-^j-UJ ^jj*_uoJI (_gjL»jQI ^<u-uVI j-ft I Jl* ^j-dijJ! j^LpJ V] (13) 

- (j_>.|jJLI) ^-iae L^aJI ^jLm^JI ^u-uVI jj* Jj-Lulll ^ ..c_^^JL! I (LuLLaj^) l>il>o] ^ ^<u-u^l 

.(^IjJLI) .(^jj^J • ••^J L ^ S >*J ( |4 ) 

.(a>^PXI) .4_l>-j-o J-4-=»tJ 3jUi »Lla-iSL]I Cation (j^-ulSLJI (15) 

4_^_£)LSJ, L-uL-uf ^-Jj-t' Iji-A CuljiT^I C-c-O^ i^C-uiVl J-4-=*»J L-aj^a ^ 4Jj_ba ^1 4_u_aj (16) 

.(£>.I>XI) .vi*JI $jI>>,m^'^I olj^i^iJ! 
.(^IjJL!) . c ^0aJ! ^I^LJ SL^L^ 4^ cluj^ (17) 

.(^vl^JLI) <J 4jjSL<i ju>.! j^jjl^Millj (I) 

.1..^-- Lualj_cl t i-j-aUj i tj^-aLlj^ j-i^sLl^. ' (^^5 a 3 i 1 1 Luill ^ysj-a iSj-^^ ( 2 ) 

(j^l j-<±3il\ (jplaJLa t . t-LLeaJ Ski a 4_u-uLjj! 4 LtaJ JLc. (jr £ ilaXI jjVI (jjlc- (j^J-^Iiju 

. (^-l^jJ,!) . 4_ul J_JI CuLjj U^tl CUxiigJ 4_lxJjlJI 4-L>.Ll]l t j_« L^jl ^c.j-lJiJJJLI L^ij \ J^Jt (3) 

.(^1 jJLI) ..LJI ^ 4a1=L^ (4) 
. (^>.ljJtl) - s.\j oLuJI ^^"b l^'j^' (j^yf J5>-^J' L^-iJ-i (5) 
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. (^J*-I^J,I) . . . JlSIjJJ ^£ aJlscIIxmJ . . Ljjj^ d_tj^£La^ dJAjtHa CjLjLij d_j^5La 4_Jj^j (6) 
<L>.LJJ CjI jUL AlmXI ^WJJ (jt (jjLj 2 J j-<J->JI ft>*J (jj-a^L-uVI tjJ^J' 0' uW^' tlH^ jj' ,c - (7) 

. (^aJ^pJU) ■ gjL i L v L 
. (^j>-IjJLI) j-<jJbeTJI I i a ■ I ^jj-aiJ (8) 

.lilp-Uill (9) 

.(j^bll) (io) 

, (. aJjXI) 4j^II 5<ii^^JI ojufc ^ Hove t j_a berly Kelly (jlj'C Jjj^j o.n. nil tjJJ-o Ljl ( I I ) 

(j^JJI ^j-fl Liiajl o-^rH 1 - 3 J p-VI u'_9 U ' J ' " ' =L3^1jlJ1 JlIs^ i '1~i r ii^j^SLJ (12) 

3jl_a jjjia 4j T iJT l\ aj — 1 I (j^UI I * 1" r j 1 ^pl nj i ul 'j'^N 'I " 4^M^ ^ Cjr a 3 

. (^.IjJLI) tj^ill I j_A ^1 ^3 ^ 4jj%„l,| 4_tLl_je-o ij^SLuj 

.(j^-ljJ.1) .J^-i\ uJJI (13) 
. (j^-l jj.1) .(jiojVl dr^JI £_l r ! ( 14) 

j .~ ^-tl £| jjl Jlj>.lS ^jLJJJ-^iajUJI I :4jij^>JI I ft <\ yjj j J^>"S/I ^ ijjUf i«JS (15) 

(^j*.I^JLI) .gJrJI J <■>->'* 4_]jL«rj f ij ■ t _ ) iijLiij>. t j_a ^Tuj < sL>- (16) 

-f^vl^JLI) Cobalamin t>_aV Lj£ r^oac-uaJl fu-u^M (17) 
.(^vljJLI) -Mycelium 3 ^ua^JLi JjL_u ^1 lxL ~ U ... d_j_oLJ1 j t-^TI dj^ ^^l^j (18) 

. (^jvjjJLI) II ^La^L^ SjUI ^ JL^j (jr-i^. tj^-i-oJI l_Lua -ij-i-ul ( '^) 

JiLa d_j_cl_Lt£aJI J^jJI t j_a J_! JjZ. jr L*Jj ^yZ-L-Luo ^^Tn-u-a (jric ^J-jJ' CjLlIUjJI tJjUl ^<ijj (20) 

. (j_=J ^1) iu^iJI L^Ulj I 

.(j^ljJU) .^pj^jSLlI ^LtJI = i^j^SLII Sjjj.-M^ .Ji=ll.l u 1 ^^ 1 J^ 1 -* (j^LiKl) 

,(^>-^m) 4-JL.u SLuj X II L^xlae r^i 4£.^sj*_<i ^1 3jj anion ^j^jj^l (2) 

.(^.1 jJLI) -4_Lp- ^ J-~'a Ls^^^Ji-o ^>_aVl g^-ol (3) 

j j j lei ■ 4^^L^ <\J 4_jJ_Jj_jI Sjj U . „ V , '^^o ^-4^ (< ^gj 1" 1 1 ^ j ^LJ^» t^^-il 4j^j>JI 4_c^-^pJl (4) 

(jl Lo-£- ;j LTi_.-u^L]^ lU-^JI L^J-a tt±Jl!iJI ^aJL«JI (J^-l ^LjeJj JjLdJLj ^^jJ' I (6) 

. (^j>-I^J,I) d_jjLLaj^_! 4_ba^aSL>- d j a (7) 

.(^1^1)^^10^.(8) 

.(j^.ljj.1) ...dt .Mill j-ii: ijjjj^LlI lLjIj^I SjuJUl CjLSjJLI.i LijUjS (10) 
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griLJI J-fl-UI g«->l$Jb 

^^-Sulphide Stinker Lm3 L^1»___-j- Sulphur Stinker 4£^_lL>JiVIj ___JJ_U ^.-j^f La 4_4_>j_j (3) 
(j^/ J S « II (___]) __jjJ_)f I jut^-H jllTlj^-jSL] I jL____JI Ijl^J ^ j (j.3-* J t — ^jj 

jL____JI )) UJa.il 4-Jlc ' L^-4_$j^_?L!I 4_3_j I jj L J_l<Cu t_£ j-JI CjJj_iSLJI ^j-u-J^ jj-L-^j JU4]! J*-luj-& 

. (£_>JjJU) Sulphide Spoilage <<^jLpj^_i_xJI 
-£j--II I jut ^ JoLLaJLI Isj^S SJjLCtXI _iiLjj_=-_]l ^ jujuJI ^ j-a-Jj-JI L -^^ (4) 

J-1<U9 ■ La I ta \ I jLs_.ii! ^ (j-j-aiJ t^J-ll (^-a-uVI JjL__JI j^ii «^L__1I (j^JLJI)) ^l-Latix ,j___Cj^L]I La! 

.(^I jX\) .^L__.j Jt r L_*J1 3jU,I 

(^>-IjJLI) -(j^' _>j-<--Vl ^L-till JLujj...' (jJJ-ClI 4j__j_a (s) 
.(£j>.1j_U) .(jLajjjJI L__L_j J_3^ t J_4A-u-uJ (JI^J ^ ((4-ujj-t-i __-LaLj_>.» 4jj_jJ_>_j) 4__jJ_a (6) 

3j_C.J V) g-T-J-] V ^ ij-^J . ^ J_U__J L__J I O _JjJM_l t j_fi> <J « i~j e, 4-XXi-J (_----. J____*JI *UJ (7) 

. (^.vljJLI) (j^jL___JI 4_i Ltl! *j j __. 

.(^-IjJLI) .l-uUajj-j J-x-a-aj (8) 

.(^-IjJLI) .4jj_oi_>Jl] 4jL_3__Lfl (9) 

. (£j>JjJJ) - LljJo tj* pej - - gJU Lu3s jl - u-Sj i uVl ( 10) 

£*ttlt ^i-*f£A 

.(^=»-ljJ,l) .l-^Qajj-j j_a____u (I) 

jls L^jj--i -Luc (jjuJ tjL-a [j! __jL_S_]I lj_jJ (j-J^^I 4ji__I__JI j_La hunter jldjti VI ClaI-z. (2) 

. 4_lm->JI £tj__6 (J-L-l * 'j^l 4_L_U_1 ^jjC (J VI LlxiJ^ . . . (J-lS ,_^_>Lj___Lf 4_*_l__u (_--->-] I _j^L>- Cj j_a 

- (-__JjUI) 

.(^IjJLI) .ajL&JI c_5j (3) 
.(^IjJLI) JSJj sjIjJ-JI ^Su-i ^ (4) 

jMiUi ^^yi yS^v^& 

Lafi t 4ill _s^>. Jj-ill i^j-c-aLij V I jm (jL_s *U_L*_11 jj Ufi 3l_pJI 3L1_ ( _ > ^j)j___ll c-jlfi Lf ( I) 

.(^j-UI) -4__JLi. t^-J. Jfi ^^^! ^jJI j^_3 4K 4_J] ^->-jJ 4-JI L?^*£ ^ 

I flxll I j-il (Jila (jf (j-ic. jLj__u_if (j-J-J (j-a 4j^____jl3I SjUI ^L*l_| (jr-J-J jJI 4\j_li_Lll jjf 

OLIj ___]_£) -4_.L__JI aixJt jJ-L_ua Lj-Lu U--a 4j JjuJI 4_ul_l CjL_jI£_II i kjlljejj . 4_.U_> ^.J] ^Ll=tJ 
4_j_j I ii jjj-jj-SLJI t j - " al ( j_<i 4j^____jlJI 3_sLU ^j-jJL^-T-J - ■=! j'j i _a 1 1 4_3____II Aj-j-Tm-j 
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U^«; J}L>. o- 41 ^LkJI c^J' C^ihP^' u- 4 >^ U^j) CjLuLSLII Laf-d_jj_ilJI 

t4^Lu<MSL]l 4j jjjJI j (jy^jjjill^ LgJjLa ^LHjV dJaLLaJI 0 J-0-Cll.uJ pu l^jlII jlj-tl 

Cj^LcLaj^ dJaLLaJI ^LljV QJLm^l (J^-Laj (j-u ^Ij-J CjLuL£L3I j j-A (jt 1 MjtJ jj^Lj L>UjJ 

((JjVI I aoJl 4_>JLJI 2 al taJl a I JL=cTi.mL 4jj_J=uZ. BjLa jjJ] (jj^SUI JLilXj <_r^ ^ lIf*-^ 

(Jilaj LgjSLlj (3 ij ■ j,^. BjLa Sjll^I ,j_<i 2 ^1 UTI jjlc J ' cjLu15 (j^JI (_dJj j-j-^-j 4j| pj 

dJaLLaJI J J-<i-CL.-uJ_g 4jj_<J=lC. ^_lC SjLa BjU-Xj t j_a dJaLLaJI ^"f ~ (jH-JI CjLuL£L3I I MjtJ jLi^aJL (3) 
.(jj-jj-SLJI Jlj ■ -XT (^j-jLj ^j-a d U j , ,. < 2 ij jlj^a ^j_a 5 jLajtX I 4jj_JaJiJI -lljJJ JjjLtJ ,^^3 

d_uj_tiaJ| 4j jJuJI j diLulSLII JaJi^ « 3_JLuL>J I 4_J JulJI 4_jj| ju» Jll^Sj uJlIJJLI jji ^..Jal jJI jj^a (4) 
2jj - 3_iLa ^jj] I ■ j T (j^jXJI JLll^T (jj^^ Jj- 3 "^ <jt-^' 4jjJuJI 4jj| j» djLulSLJI Laf 

qajOM L^-tXg (^jia jj « d liiiiitil I d_j jJuJ I 4_u I II » jj f t j-a pi jJ l_! 4jj JL>- I^Ia LtHj (j 1 liLtlijj 

porphyrin £)V *3_u_lJ^J|j 3_ulj^-Jl <JiiL*UI lj --j s (jj jJI J^>j H "Qj/- ^ ■ -.M< T1 ^ j< MjlJ ju-aib (5) 
. (^jvI^JJ) .« U^a^a» (jr-tAJ^ Porphyr ^Lj^-JI J^s^l ^ 4_5IAa 
-f^l ^JU) - V LXJ! jIjl^I ^ (6) 

= (jl c-L»LtJl ^ajv! Ill t4_u<iJL<JI 4-i>- jjl t j_a 4jt_t^e_i^3 Cx-ui-J l_L(t a <Ltl-tAla » <L<iJ5 (7) 

p > ■^•'^ La Lai -4_jj>. J-jIj^. t j_a ^JJ iJajtJl SjUI (jylc (jSi-UU (jH^I JaJi^ ^,-4 4jJLilLaJI CjL^j^LJ.1- 

.3-Tt-ua SjLu ^jLtTu Saprophyric = «<La_«^p_a» cjLuISL]! aJJt (jl t< aJjXI 

.(£>.! jJL!) .«.MjjK m ^jj jL^l^! (9) 

(I/U 4-LuaLlll J^JL>JI (^jlc (Jj .*Ll>-^/I ^_yxt-uz> £yi l_Lai£ j-xHas CLi Luj j)j_uiJ I l _^>- j^^-ft ^ (10) 

4jL»_!^ p I c " '"j a J .'"'*J-/ ' L^L^J-L-ujSL Lt ^ij ^2 t jli_m LujJLa^ L^tlj Jj-La (jl^ (II) 

High Frequency of recombinahon 5_^_jJL>oVI 3— i^-uuJI jj-a (jJjVI ^^>-^l HFR(12) 

dJLul Laj] tfjJu-t^aJl ^^lc Laj^>.j j 1 flj V Lj-uSLJI ^ 4jj|jjJ| J^iIjjlJI (j\ Jju Ljr 2s > kuu^\ ( I 3) 
j^j>J.L ^| i^jli ^ L^j! d_]LiU flj5 1 I 1J3 ■! jj J ^ t j_a ij^aSjjj 4_ijlj^ CjIjL>-^ ^j^LijjjjjJI 

Lj-liSLaJI jj^a «3j^jJI» jyL-aJJ ^jjljjJI J-aL«JI^ . Plasmids cjI juaj^LJI Cr <i-.-uj^ . ^j^pSUV I 

jjj-U^aJl ■ JU-aj^LJI j ' ' L^Lij>- T OJJtJ 1 j'-^J-^j^LJ' JL>-f J^. ^La! Jj^je^a 

Lai LaLaJ 1 ajliej j^ijjVI djLulSJI ljr £ jjjjLjjIfl .3jLc *>J^>-^ (j^a JJoL (jA-aJdJI IjUl (14) 

^jlc (jr-tJ-a t^-ajcTi-]! (jl pu . L/^aL>- IjLJ^-a L«-uaj ^Llv^I cdJLa_a ljr £ (JH^J Lj-li5LJI (jr £ OJLjcj 
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- (jj>.I ^1) -CljLj^jiLjJ.I aXit Jla ^4P* U 6 ) 

j** J^flll ya^l$A 

^jj_5JI jj^a j * t j_a Ij^-jJ*. J^Ld! (jj-Li (j! £_al jJI ^ -5j-u-? 4jlILa (j-a jisej V <UL_JJ ^JlA (2) 
lijj I .; 5 fl 1 (JLft-uj (jJj 1^4j>o1_9 ^ qial all ^a£L=-J I £y» ^t^-uilu dUli (j^i • L^^W*' >^ lS-^L^' 

jJjj^Vl Jj- 5 ^ ^ l-sL*ifl jj-a-oj ^LU1_9 jMj l-JjjlJI £t£ (jf J^aj-u J13^ . frljjA s.ljJte-L*3 

) S L_^-Jj-it-lil _j j >_j-aJLlJI t^A-jLaf (^-a 4JLjJLj>JI SjLl^ljJI j us£ ^L>- Jjfc^ ) S ^jLe-ua ^jJj tiilji? 

.(^>sXl) 

.^t&JI I jl» jlact o-» (3) 

J-<-t-u-Jj . ( _)jj^I_ujjJI^ i_Ja^l_>J,1^ ^JLflJI (J-J-a * llj La lis I ^^"^P d j .1 , II ^jlolj^o^l (4) 

i kJJxJcJj (^j-*^ - ' ' J ■ 1 1 Sjj-tlu-a j_i_<_] 4_l1c t JJuJ I JL3 4_iSLl^ 4j I j La i ja L l _^aj^J, I 

I jujj ^ai-\jf (j^J i^JLluj Lr Aj-uj \ dJLJl^ C-!jLui-u J_il (j^LitJj ^a^J JLaa)) t^LeLx^sVI I Jul ijj-ij (5) 

(^IjJLI) .«3jaXI» _i (^juj Bj>Lc (6) 

. f^j>-ljJLI) -^^jJI (3^** (Jt^ l5' c ^^c ^<jJ (£ji-*iej (7) 
L^-4_jjjJlJI LuULLj CjLiJJI SLjj^xJ uUj^ij ^^j^La J^*-a j-ll>J,I (_gj!Luu (jyic (jVI U_Uli 3^"-*' (8) 

^ j i u u_ll_Lit A] 

. Cj Lj I j_l>J I ' ^jltxiua j Lft^-Llajlj -cLial^l CjIjLi_L1I ^jlLuija (jVl cdJli 3^""*' (9) 

-,jLjijVI j^yic 4jjIjjJI 4_uj JUjjJL eLi^sLiJI Cj \-lm I j jJ I JjjjIsj j\ e. 'j^>-! ( i J- :>,J (*5t^' ^«JL«JI J^-i p A 
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. I 93 I ^Lc JLjJIjjs ,j-a * 

. 1955 ^Lc Sj_aLaJI . 3-«-aL>. <L>.lj_>Jlj <_JaJI (j^jjjjJISLi * 
1969 j»Lc (Jjjj aji (jja 3-oL«JI Sjc-loJIj SjLsJI (jjliLcll <_Ja ^^Lo * 

. 1972 ^Lc ISL^aJb (jjj SLoLlI! 4j-^II ji'm-wla * 
3jljj_j L-x-j-j la J i c * 
(jja Ojj£L!I 3-aL«JI <Lse-LaJI 

. 1981-1962 

i4_j_UsLjjJI 4_ujjJ!j i^i ill 




. 1958 jjOl 

4_<_LLLiJI ^Ij^aVl 
. 1964 jJul Sj-aU. 
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. 1970 JljLajLfc 2j.aU. (j-o 3-aUJ! 3je-uaJI jni,i-vLa * 

. 1970 ojjSLII SjlaU. 2UL£^JLj . .Utt 2_J£ Jlj^j jl^I m« jll^f * 
. 1975 -1971 luzlxll 2_^J! jj3j * 

. 1980 OjjSLII Sjl^U. j-JJLa * 

. 1938 j»Lc (S_ujjl)I j'^" »a.) 4j^j_JoJI 2 tVal -» ^ jlJIjjs * 

. I 958 ^^C- (J " Q 4_»_aL>. ^al*J! ' (jr^ (J^-^d-J-^ * 

.1961 (j ml Ul Sj^aU ^-yj ^^inJI J j" I .1-vLa * 

. 1976 fit. ^LL_ui 
O^l 1983 ^Li ola 
(j^iAj ^ Sll^^J^lJI ^L*J1 ^ (j.^ia) 4jjjJ1 3jjL>.j . 1980 ^Lc 
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